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PREFACE. 


IT  has  of  late  been  a  too  prevailing  opinion  in  this  country,  thai 
a  man  may  become  celebrated  as  a  natural  philosopher,  and  be  very 
successful  in  the  application  of  his  knowledge  to  practical  purposes* 
particularly  in  the  construction  of  machinery^  while  he  is  com* 
pletely  unacquainted  with  the  principles  of  mathematics.  Among 
a  variety  of  unpleasant  consequences  which  have  resulted  from 
this  erroneous  opinion,  may  be  reckoned,  the  rapid  decline  of  the 
mathematical  sciences  ii^  Britain,  the  dissemination  of  superficial 
and  vague  notions  on  physical  topics^  and  the  absolute  necessity  of 
having  recourse  to  foreign  publications  for  profound  and  extensive 
information  on  those  subjects,  which  we  should  have  supposed,  had 
not  experience  convinced  us  to  the  contrary,  Englishmen  would 
have  been  proud  to  cultivate ;  since  they  were  first  placed  upon  an 
Unshaken  basis  in  the  Principia  of  our  own  countryman,  the  illus- 
trious Newton.  It  has  been  asserted  by  a  competent  judge,  Dr, 
Bobison,  and  it  is  mortifying  to  reflect  that  the  assertion  is  true, 
**  that  while  the  continent  has  supplied  us  with  most  elaborate  and 
useful  treatises  on  various  articles  in  physical  astronomy,  practical 
mechanics,  hydraulics,  and  optics,  there  has  not  appeared  in  Britain 
half  a  dozen  treatises  worth  consulting  for  the  last  forty  years." 
We  have,  it  is  readily  admitted,  many  popular  works  on  mechanics, 
hydrostatics,  &c.  in  which  the  principles  are  exhibited,  and  their 
application  to  the  useful  purposes  in  life  illustrated  by  examples ; 
but  since  their  authors  have  scarcely  ever  aimed  at  demonstration, 
those  who  rest  satisfied  with  the  information  they  can  gather  from 
these  treatises,  can  at  best  acquire  but  a  kind  of  second«hand  know- 
ledge of  unproved  principles  loosely  floating  in  the  mind ;  and  must 
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generally  hesitate  in  every  case  presenting  a  noTelaspecti  fi>r  waflf 
of  that  confidence  in  principles  and  results  which  the  irresistible 
evidence  accompanying  the  deductions  of  pure  science  alone  caa 
inspire.  I  would  not  be  understood  as  intending  to  cast  any  censure 
upon  the  authors  of  familiar  treatises  on  scientific  subjects :  I  only 
wish  it  to  be  recollected  that  these  are  much  fitter  for  chUdren  than 
/or  men ;  that  they  may  be  useful  as  introduotory  books  for  pupils, 
but  of  little  or  no  immediate  service  in  the  active  concerns  of  a 
more  advanced  state ;  and  that,  because  they  merely  excite  a  thirst 
for  knowledge  which  they  cannot  gratify.  Nor  would  I  wish  to 
insinuate  that  there  are  not  in  our  language  some  excellent  works 
on  the  theory  of  mechanics ;  but  I  cannot  help  being  apprehenaite 
that  most  of  these  (chiefly  on  account  of  the  small  encouragement 
likely  to  be  given  them)  are  too  confined  in  their  object^  and  for 
that  reason  fail  in  being  so  beneficial  to  the  public,  as  the  talenu 
of  their  authors  might  otherwise  lead  us  naturally  to  expect. 

For  s^e  years  I  have  seen  (or  thought  I  have  seen),  and  often 
regretted,  that  a  forbidding  distance  and  awkward  jealousy  seem 
to  subsist  between  the  theorists  and  the  practical  men  engaged  in 
the  cultivation  of  mechanics  in  this  country :  and  it  is  a  desire  to 
shorten  this  distance,  and  to  eradicate  this  jealousy,  that  has  been  a 
principal  stimulant  in  the  execution  of  the  following  performance. 
I  have  by  long  habit,  combined  perhaps  with  early  acquired  pre- 
judices, been  much  delighted  with  the  investigations  of  theorists : 
but  while  I  prize  the  deductions  of  sound  theory  as  highly  as  any 
person,  and  rest  as  firmly  upon  them ;  yet  am  I  desirous  not  to 
forget,  that,  as  all  general  principles  imply  the  exercise  of  abstrac- 
tion, it  would  be  highly  injudicious  not  to  regard  them  in  their 
practical  applications  as  approximations,  the  defects  of  which  must 
be  supplied,  as  indeed  the  principles  themselves  are  deduced,  from 
experience.  Habits  of  abstraction  and  theorizing  may  be  carried 
to  excess ;  and  crude  experience  without  reflection  will  never  be 
productive  of  essential  good.  But,  as  an  eminent  philosopher  ^ 
(for  whose  talents  and  virtues  I  entertain  great  respect)  remarks, 
**  Care  should  be  taken  to  guard  against  both  these  extremes,  and 
**  to  unite  habits  of  abstraction  with  habits  of  business,  in  such  a 
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^  matiiitf  M  to  ^able  nven  to  consider  things  either  in  general  or 
'*  in  detail,  as  the  occasion  may  require.  Whichever  of  these 
*'  habits  may  happen  to  gain  an  undue  ascendant  over  the  mind» 
^  it  wiH  necessarllj  produce  a  cliaracter  limited  in  its  powers,  and 
*<  fitted  onljlor  particular  exertions. — When  theoretical  knowledge 
**  and  practical  skill  are  happilj  combined  in  ihe  same  person,  the 
*'  intettectual  power  of  man  appears  in  its  fVill  perfection,  and  fits 
**  him  equallj  to  conduct  with  a  masterly  hand  the  details  of  ordt- 
*'  nary  business,  and  to  contend  successfully  with  the  untried  diffi- 
**  cuHtes  of  new  and  hazardous  situations.  In  conducting  thd 
•«  former,  mere  experience  may  frequently  be  a  sufficient  guide: 
'*  but  experience  and  speculation  must  be  combined  togetRer  to 
••  prepare  us  for  the  latter.'*  *  Expert  men,*  says  Lord  Bacon» 
'  can  execute  and  judge  of  particulars,  one  hy  one  ;  l)ut  the  general 
^  counsels,  and  the  plots,  and  the  marshalling  of  afiairs,  come  best 
'  from  those  that  are  learned.* 

Admitting  the  truth  of  these  observations — and  their  truth  1  think 
cannot  well  be  denied— -h  wiH  thence  follow,  that  theoretical  and 
practfcal  men  will  most  efiectually  promote  their  mutual  interests, 
not  by  affecting  to  despise  each  other,  l)ut  by  blending  their  efforts : 
and  further,  that  an  essential  service  will  be  done  to  mechanical 
science,  by  endeairouring  to  make  all  the  scattered  rays  of  li^t 
they  have  separately  thrown  upon  this  region  of  human  knowledge 
converge  to  one  point.  In  conformity  with  these  ideas,  I  have 
Vttdertaken  a  task,  attended,  I  am  aware,  with  so  many  difficulties, 
that  even  fidlure  will  not  be  disgraceful ;  while,  on  the  other  hand, 
success,  if  my  labours  should  fortunately  be  crowned  with  it,  will 
be  doubly  gratifying ;  as  I  shall  then  Hatter  myself  with  having  con- 
tributed in  some  measure  to  the  union  of  accurate  theory  and  judi- 
cious practice,  and  thus,  ultimately,  to  the  promotion  of  arts  and 
manufactures.  ' 

The  Treatise  of  Mechanics  I  now  presume  to  lay  before  the  pub- 
lic is  comprised  in  two  large  volumes,  besides  a  volume  of  plates. 
Of  these  the  first  volume  is  devoted  chiefly  to  the  theory :  the 
second  is  practical  and  descriptive.  The  theoretical  part  is  divided 
into  five  books,  and  these  are  subdivided  into  chapters,  as  the  na- 
ture of  the  several  subjects  seemed  to  require. 

Book  I.  is  appropriated  to  the  subject  of  Statics,  and  is  subdi« 
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Tided  into  six  chapters.  It  commences,  as  indeed  do  all  the  book^ 
with  definitions  and  preliminary  remarks ;  which  are  succeeded  by 
a  statement  and  illustration  of  the  Newtonian  laws  of  motion  and 
rest,  which  are  assumed  as  fundamental  principles  to  guide  our 
subsequent  enquiries.  The  nature  of  statical  equilibrium,  with  the 
composition  and  resolution  of  forces,  are  then  discussed ;  forces 
being  considered,  1.  as  disposed  in  one  plane,  and  concurring^  ia 
the  same  point :  2.  as  directed  to  one  point,  but  not  confined  to 
one  plane:  3.  as  situated  in  one  plane,  but  implied  to  different 
points  of  a  body:  4.  as  not  confined  to  one  plane,  and  directed  to 
various  points  of  a  body.  This  portion  of  the  work  occupies  rather 
more  space  than  has  been  commonly  assigned  to  it  in  treatises  of 
mechanics ;  but  this  circumstance  will,  I  hope,  be  found  to  faci« 
litate  the  application  of  the  parallelogram  of  forces  to  the  investi- 
gations which  follow.  The  remaining  chapters  in  this  book  treat 
of  the  centre  of  gravity,  and  the  centrobaryc  method ;  the  simple 
machines,. or,  as  they  are  usually  called,  the  mechanical  powers; 
the  strength  and  stress  of  timber  and  other  materials ;  and  the 
equilibriupo,  tension,  and  pressure  of  cords,  arches,  and  domes. 
The  minuter  topics  connected  with  these  general  points  of  enquiry 
cannot  well  be  specified  here. 

The  second  book  relates  to  Dynamics.  It  compr^ends  six 
chapters ;  treating  of,  motioja,  uniform  and  variable ;  the  descent 
and  ascent  of  heavy  bodies  in  vertical  lines  y  the  motion  of  projec* 
tiles,  with  observations  on  ricochet-firing ;  descents  along  inclined 
planes  and  curves ;  the  vibrations  of  pendulums,  and  the  curve  of 
swiftest  descent ;  central  forces ;  the  rotation  of  bodies  about  fixed 
axes,  and  in  free  space,  with  theorems  relative  to  the  centres  of 
oscillation,  gjrration,  percussion,  spontaneous  rotation,  &c.;  the 
physico-mathematical  theory  of  percussion,  nearly  as  first  delivered 
in  Don  George  Juan's  Examen  Maritimo ;  and  the  motion  of  ma- 
chines, and  their  maximum  efiects;  closing  with  some  remarks 
that  shew  in  what  points  of  view  machines  ought  to  be  considered 
by  those  who  would  labour  beneficially  for  their  improvement. 

Book  III.  is  devoted  to  the  subject  of  Hydrostatics.  It  is 
divided  into  four  chapters-— on  the  pressure  of  non-elastic  fluids ; 
the  determination  of  the  specific  gravities  of  solid  and  fluid  bodies; 
the  construction  of  hydrometers  or  areometers ;  the  equilibriuai. 
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*UbiBty,  and  oscillationB  of  floating  bodies,  with  a  particular 
reference  to  ships  and  canal  boats ;  and,  on  the  phenomena  of 
attraction  in  capillary  tubes.  This  book  contains  an  extensive, 
and,  I  trust,  correct  table  of  specific  gravities. 

In  the  fourth  book  I  have  given  some  of  the  most  useful  propo* 
aitions  and  theorems  relative  to  Hydrodynamics.  But  as  this  is 
a  very  complex  and  intricate  subject,  in  which  the  most  elaborate 
theory  can  do  but  little,  independent  of  numerous  experiments,  it 
aeemed  prudent,  rather  than  to  delude  the  student  with  a  display 
of  mathematical  accuracy  where  it  is  so  far  from  being  attained,  to 
curtail  the  theoretical  part  with  a  view  to  the  introduction  of  some 
▼aluable  experimental  results.  This  book  comprises,  then,  only 
four  chapters,  l.  On  the  discharge  of  fluids  through  apertures  in 
the  bottom  and  sides  of  vessels,  and  on  spouting  fluids  :  2.  an  ac- 
count of  experiments  made  by  difierent  philosophers  (as  Bossut, 
Venturi,  Eytelwein,  Young,  Vince,  &c.)  on  the  discharge  of  water 
through  apertures  and  tubes ;  and  the  practical  deductions  from 
diose  experiments:  3.  on  the  effect  of  water  upon  the  motion  o^ 
water-wheels :  4.  an  account  of  Mr.  Smeaton's  experiments  on 
jrater-wheels,  and  some  of  those  of  M.  Bossut. 

The  fifth  book,  which  terminates  the  first  volume,  is  on  Pnbu- 
iCATica,  and  contains  six  chapters.  The  subjects  stated  and  dis- 
.cufised  in  this  book  are,  the  equilibrium  of  elastic  fluids;  the 
ineasurement  of  altitudes  with  the  barometer  and  thermometer ; 
|lie  motion  of  air  when  the  equilibrium  of  pressure  is  removed ; 
^e  theory  of  air-pumps,  and  pumps  for  raising  water;  the  resist- 
^ce  of  fluids  to  bodies  moving  in  them ;  and  results  of  experiments 
jOn  the  resistance  of  fluids. 

The  second  volume  of  this  work,  which,  as  before  mentioned, 
is  chiefly  practical,  commences  with  an  introduction  occupying 
84  pages,  and  comprising  general  remarks,  rules,  and  directions, 
•*-on  the  construction  and  simplification  of  machinery;  on  rota- 
tory, rectilirear,  and  reciprocating  motions;  on  bevel-geer,  and 
proportioning  the  number  of  teeth ;  on  firictlon  and  the  rigidity  of 
cords,  with  the  experiments  of  Vince,  Coulomb,  &c.  and  an  exam- 
ple of  the  power  of  the  capstan,  allowing  for  friction  and  the  stifihess 
of  cords;  on  water  and  wind  as  movers  of  machinery,  with  9mea« 
^m*g  rules  relative  to  windmills ;  on  the  strength  of  fired  gun-pow«« 
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der ;  on  steam  as  a  mower  of  machinery^  with  the  theorems  and 
results  of  Bettancourt  and  Dalton ;  and,  on  the  strength  of  meii 
and  horses,  according  to  the  b^st  and  most  accurate  observations* 
The  remainmg  part  of  this  volume  is  appropriated  to  the  description 
of  a  variety  of  mechanical  contrivances,  in  number  exceeding  an 
hundred  and  fifty.  These  are  arranged  alphabetically,  that  they 
may  be  consulted  with  most  convenience ;  and  several  of  thena  re* 
late  to  machines  and  instnjiments  which  have  never  before  been  pub- 
licly described ;  and  for  accounts  of  which  I  am  indebted  to  spm^ 
of  oiir  most  celebrated  civil  engineers,  whose  names  will  appear 
with  the  respective  articles.  A  genera]  enumeratipn  in  this  preface 
would  be  tiresome,  especially  as  the  articles  are  neparately  men- 
tioned in  the  Table  of  Contents  to  th^  second  volume.  It  may^ 
however,  be  proper  just  to  observe,  that  the  greater  part  of  the  oon; 
^rivances  there  described  are  such  as  are  l^hly  usefu}  in  varioun 
arts  and  maflu&ctures,  and  the  most  important  purposes  of  humaA 
life;  among  them  will  be  found  de9criptions  of  air-pumps,  balances^ 
)bark*milb,  barometers^  bellows,  clopks,  cranes  in  great  variety^ 
file-ciftters,  fire*engines,  flax-mills,  flour-mills,  foot-mills^  hand- 
miJls,  hydraulic  engine  of  various  kinds,  hygrometers,  kneading* 
I^Jlls,  lathe9,  and  the  most  curious  turning  apparatus,  locks, 
oil-mills,  ordnance  boring  machines,  contrivances  for  what  ar^ 
jcalled  parallel  motions,  pendulums,  pile^ngine8,plamng  mach joerj^ 
pri^ses,  and  pressure-engines,  several  pumps,  pyrometers,  Rams^ 
den's  dividing  machines,  saw-miUs,  scapements,  steam-engines^ 
|Ci)rio)^  and  f^curate  steel-yards,  str^am-meas^rers,  telegraphs^ 
tbermoq^eters,  jdir^shing-mills,  tide-n^lls,  watches,  water*>mills^ 
weighing  apparatus,  wind-milb,  yam-mills,  Sec,  In  some  instances 
where  the  subject  seemed  Tcry  important,  and  not  admitting  of 
f  ttffidently  copious  discussion,  among  sq  many  other  particulars^ 
I  have  inserted  catabgues,  arranged  chronologically,  of  the  X^hief 
writings  on  that  respective  subject,  whether  smaller  disser^tionB,^ 
Of;  full  and  extensive  treatises:  these  catalogues  inay  be  stfsQ 
jEVider  the  words  Ay</ra«^*a^gtfici,  and  mUis.  In  a  few  cases 
too,  where  the  theory  of  a  machine  had  not  been  correctly  exhi- 
bited in  any  English  work  with  which  I  am  i^^quajnted,  I  hay^ 
givea  such  theory  in  the  second  volume,  for  the  sake  of  more  rea* 
fUiX  dedAK^  ^°i!^  H^«^  pjT^ctical  results :  this  has  been  done 
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Id  dM  conpotilkm  of  the  first  volume  of  this  tMrtise,  I  Immto 
dtmed  material  aiiiatiDce  from  the  labonrB  of  teveral  of  my  pro* 
deceMoss  ta  tkis  department  of  ocience;  though  I  hare  not,  per- 
hapi,  to  frequently  dted  my  authontiei  as  some  readers  may  be 
apl  to  »pecti  but  diis  will  not,  I  trusty  on  eoosideration,  be  thoi^bt 
a  cnlpaUe  omiiBaon ;  for  altlMugh  I  bare  not,  for  ezampte,  ascribed 
to  Preny  what  I  found  in  succession  in  the  writings  of  Varignon, 
BeHdor,  Beaoot,  and  D*AleBsbert,  nor  to  Parkinson,  or  Atwdod^ 
what  had  previously  appeared  in  the  writings  of  GdileOy  WilldnSt 
Wallis,  ]>esagQliers»  or  Emerson,  esteeming  whatever  I  found,  in 
suck  ciicumstanoes,  as  common  property,  to  be  adopted  witbent 
hesitation ;  yet»  in  all  cases  where  I  could  speak  confidently  of  the 
ori^iJMd  author,  and  particukrly  where  the  matter  quoted  bad  been 
bot  aeldom  pubUahed,  I  have  not  Med  to  nmke  the  corresponding 
ivfor«Boe.  Ae  to  the  second  volume,  it  is  professedly  a  coaikpitation; 
and  I  haam  no  other  merit  to  claim  respecting  it,  than  that  of  kav* 
ing  employed  mocb  kibour  and  pains  in  conaulting  a  great  many 
Tolumea  of  joumala,  transactions,  acts,  eaeyciopedias,  Aeatres  of 
marhinffs,  fcc  pdiUahed  in  England,  France,  and  Germaiiyt  and 
hwiag  salfcted  from  these  numerous  and  often  velumivons  works, 
sock  particalan  as  wens  most  likely  to  be  serviceable  to  my  coun- 
trymen, when  prepented  to  tbem  (separate  from  every  thing  ex- 
traafgui)  in  a  convenieiat  though  copious  single  volume. 

In  the  descriptive  part  I  have  but  seldom  given  accounts  of 
jnackinery  for  wUch  the  inventors  have  taken  out  jM/eiitt,  Ip  this 
I  have  been  guided  solely  by  views  of  utility:  iriien  & 
bine  appeared  to  exhibit  some  peculiar  i^genui^  in  its- 
oaostnictiett,  or  wben  the  iipecification  developed  some  general 
I  which  are  not  merely  serviceable  with  req»ect  to  the  in-- 
I  to  which  they  are  now  applied,  but  may  after  the  expirati^ 
af  Ike  patent  be  advantageously  appropriated  to  other  machinery, 
I  bave  tbou^  it  tight  to  in#e.rt  a  description  of  such  ccmtrivances  ^ 
taking  ease  at  the  same  time  to  mention  the  exchistve  right  secured 
tm  4w  term  of  the  patent.  An  indiscrimiaate  account  of  whatare 
ctUad  iwaalioas^in  thia  fruitful  age  for  the  remalof  old  ^ontri* 


Digitized  by 


Google 


vaacef ,  itronldbave  added,  tp  the  bii}k  of  the  ^ork;.but  U  mmt  iM: 
cessarily  have  operated  as  a  dead  weight  to  sink  its  respectability. 

It  nviy^  probably,  be  iipagined  by  sopie,  that,  coasidering  th^ 
advantages  for  that  pfirpose^with  which  my  situation  at  Woolwich 
fumjsbes  me,  I  should  insert  descriptions  of  the  various  kinds  oC 
loacUinery  used  in  the  artillery  service*  This,  however,  I  have  no^ 
done :  cjiiefly  because  such  descriptipns,  by  MuUer  and  other  re* 
^pectable  authors,  are  ^ready  easily  procured  in  works  appropriated 
^jiclusively  to  that  important  objects  and  where  the  accounts  are 
givenwith.&r  greater  cppiousne^  than  they  could  be  in  f^  p^orm- 
^nce  where  so  many. other  objects  are  bandied. 

In  the  exposition  of  the  theory  I  have  generpdly  proceeded  by  i^ 
aeries  of  connected  propositions  and  dependent  corollaries ;  those  k^ 
each  chapter  having  a  manifest  relation  to  each  other,  and  flowing 
naturally  from  t^e  same  source :  and  1  have  at  tl)e  same  time  end^»> 
voured  to  attain  a  just  medium  between  that  fatiguing  prolixity  o£ 
4etail  w^ich  leayes  nothii^g  to  be  struck  out  by  the  ingenuity  o£ 
^e  pupil,  and  that  obscurity  which  commonly  results  from  the  sup- 
pression of  intermediate  ideas.  I  have,  therefore,^  OQca^ionaQy 
introduced  such  general  scholia  and  more  limited  remarks,'  aa 
seemed  calculated  to  clear  up  a  point  in  the  history,  or  a  doubt  in 
the  principle,  or  to  suggest  an  application:  and  it  was  my  first  in- 
tention to  have  these  printed  m  a  different  type  from  the  proposi- 
tions and  corollaries ;  but  t  relinquished  that  design,  on  finding 
that  it  would  much  enhance  the  price  of  these  volumes,  a  oircum- 
atance  which  I  have  been  all  along  solicitous  to  prevent. 

I  faar  many  persons  who  may  take  up  this  work  will  be  dissatis- 
fied with  it  on  account  of  the  frequent  ihtroduction  of  the  fluxional 
analysis  into  the  theoretical  part :  this  dpsatisfiiction  is  engendered 
in  some  by  a  preju(iice  to  Which  I  have  already  adverted  in  the 
beginnmg  of  my  jfireface ;  and  in  others,  by  an  Undue  attachment 
to  the  geometry  of  the  ancients.  I  would  beg  the  attention  of  the 
latter  class  of  objectors  to  a  few  observations.  I  am  very  ready  to 
allow  that  in  the  study  of  geometry,  the  diagrams  to  which  our 
attention  is  directed  serve  as  a  continued  check  upon  our  reasoning 
powers ;  they,  besides,  exhibit  to  the  senses  a  variety  of  relationa 
vrbich  the  language  of  algebra  by  no  means  suggests,  and  which  k 
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ii  peiiiflps  too  general  to  express:  ^tUl^  as  every  geometrical  inves- 
tigation may  be  expressed  ^ebraically,  and  as,  moreover^  there 
have  been  excellent  geometricians  ^ho  were  blind  and  never  stm 
a  geometrical  figive ;  the  circumstance  of  the  diagrams  dees  not 
constitute  bo  essential  a  difference  between  geometry  and  algebra 
as  some  may  be  apt  to  suppose.  In  many  physical  investigations^ 
ii  is  true,  where  a  geon^etrical  pMcess  can  be  applied,  it  carries 
with  it  a  degree  of  luminousness  certainly  not  to  be  exceeded  by  a 
process  conducted  according  to  the  modem  analysis ;  and  it  must 
further  be  acknowledged,  that  this  analysis,  without  a  cautious  ex- 
ercise of  the  judgment,  and  a  frequent  recurrence  to  first  principles, 
may  terminate  in  an  absurd  conclusion :  yet,  on  the  other  hand,  it 
must  be  recollected,  that  physical  enquiries  conducted  geometrically 
by  the  most  eminent  men,  haye  sometimes  led  to  very  erroneous 
Xesults;  and,  that  in  numerous  cases,  the  geometrical  method  can 
^  applied  with  difficulty,  if  at  all,  in  which  an  investigation  carried 
^n  by  the  modern  analysis  has  issued  in  some  very^important  disco^ 
varies.  If,  with  regard  to  thefluxional  calculus  in  particular,  it  be 
recolle<;:ted  that  it  was  invented  by  an  Emglhhman  who  will  be  the 
immortal  honpur  qfhis  country,  and  that  this  is  neither  the  least 
brilliant  nor  the  least  valuable  of  his  discoveries,  it  cannot  but  be 
considered  as  singular,  that  many  among  his  countrymen,  who  pro- 
fess themselves  the  friends  of  science,  should  discountenance  the 
^troduction  of  his  analysis  into  pur  scientific  works.  Philosophical 
men,  when  contemplating  the  progress  of  knowledge,  have  been 
delighted  to  remark  that  *<  the  discoveries  which  in  one  age  were 
ponfined  to  the  studious  and  enlightened  few,  become  in  the  next 
fhe  established  creed  of  the  learned ;  ai>d,  in  the  third,  form  part 
of  the  elementary  principles  of  education:"  how  completely  different 
from  this  the  progress  roust  be,  when  the  discoveries  of  a  century 
|)gck  are  disregarded,  not  because  of  their  being  useless  or  obsolete, 
but  because  of  their  difficulty ^  is  too  palpable  to  need  more  tha^  an 
allusion,  and  cannot  be  dwelt  upon  without  regret.  If  what  has 
been  here  advanced  should  not  be  thought  sufficient  to  justify  the 
occasional  adaption  of  the  fluxional  analysis  (I  do  not  contend  for 
the  exclusive  use  of  it),  let  it  be  recollected  that,  in  our  best  trea* 
Uses  on  mensuration,  gauging,  &c.  it  is  allowed,  and  for  this  suffi- 
cient reason,  because  such  treatises  would  be  very  deficient,  imper- 
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feci,  and  con&ned  in  their  utility  without  it:  noieM,  therafbc^i  m 
similar  occasion  will  not  justify  a  similar  mode  of  procteding  in  a 
treatise  of  mechanics,  I  shall  hope  to  be  excused,  even  by  those  I 
am  now  addressings  when  it  is  considered  that  some  <£  the  mos$ 
important  branches  of  mechanical  enquiry,  and  especially  great 
part  of  what  relates  to  the  maximmn  efects  of  aiaehines,  must  eiUier 
be  entirely  omitted,  or  treated  by  the  flnxional  calculus,  or  some 
modem  caicuhis  analogous  to  it.  In  ccmststency  with  the  prcoeding 
observations^  I  have  followed  a  kind  of  mixed  eourse,  and  have  de- 
^uqed  the  chief  trudis  commonly  developed  in  our  efemeotary 
books  of  mechanics,  eidier  after  thegeometricid  manner,  or  by  in* 
troducing  the  algebraical  notatioQ  in  aid  of  the  deduetioos  from 
geometry ;  and  in  the  more  curious  and  abstruse  enqdnes  whieh 
occur  in  various  parts  of  the  woric,  I  have  had  recomrse  to  the 
fluxional  analysis,  not  for  the  sake  6f  displaying  my  mathematical 
attainments  (being  well  aware  how  seanty  those  attainments  are), 
but  in  order  to  vender  Uie  treatise  in  some  degree  complete:  thus^ 
giving  it  sueh  latitude  and  comprehensiveness,  that  those  who  eoBr 
suit  tt  may  draw  from  it  some  such  nodoasof  ^  scienoe  of  media* 
nics  in  general  as  may  be  learned  risspecting  an  existing  structure, 
by  examining  a  model  shewing  its  sevend  parts  in  due  proportion. 
It  may  happen,  after  dU,  that  die  arguments  adduced  in  fevooF 
of  the  method  I  have  chosen  mi^  fiul  in  their  Impression,  on  9Cr 
count  of  their  not  being  stated  with  sufficient  force:  let  me  dienr 
fortify  my  opinion,  and  shelter  this  part  of  my  plan  from  censure 
by  high  mathematical  authority.  Mr.  Simpeom,  m  the  preface  to  his 
TRACTS,  speaking  of  the  problems  m  mechanics  and  physical  ai^tro- 
nomy,  says,  ^  In  treating  of  this  subject  I  have  chiefly  adhered  ti| 
.«*  the  analytic  method  of  Investigation,  as  being  the  most  direct  and 
<<  exten8ive,and  best  adapted  to  diese  abstruse  kii^ds  of  speculationSt 
«<  Where  a  geometrical  demonstration  could  be  introduced,  and 
**  seemed  preferable,  I  have  given  one :  but,  though  a  problem 
'*  sometimesp  by  thn  last  method,  acquires  a  degree  of  perspicuity 
**  and  elegance  not  easily  to  be  arrived  at  any  other  way ;  yet  I 
**  cannot  be  of  the  opinion  of  those  who  affect  to  shew  a  dislike  to 
*'  every  thing  performed  by  means  of  symbols  and  an  algebraical 
^^  process ;  since,  so  far  is  the  synthetic  method  from  having  the 
<«  advantage  in  aU*  cases,,  that  there  are  innumerable  enquiries  into 
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^  AMore)  af  xireU  as  in  abstifcted  silence,  wfaera  it  cannot  be  at 
'*  all  apfriied  to  any  purpose.  Sir  Isa^c  Newton  himself  (who  per- 
''  haps  extended  it  a^  far  as  an  j  inafi  could)  has,  even  in  the  mopt 
^*  ciaiple  case  of  the  lunar  prbit  (Princip,  b.  3.  prop,  28.),  been 
**  obliged  to  call  in  the  ^tssistance  of  algebra;  which  be  has  also 
^  done  in  treating  of  the  motion  pf  bodies  in  resisting  mediums ; 
''  aad  in  various  other  pll^:eft.  And  it  appears  clear  to  me,  that  it 
**  is  by  a  diligent  cultivaM'cya  of  the  modern  anafyus  that  forpgn 
^*  ff^kemoHaant  have,  of  late,  been  able  to  push  their  researdies 
**  ^rther  io  many  particulars  than  Sir  Isaac  Newton  and  his  fbl- 
"  lowers  here  have  dpne  i  though  it  must  be  allowed,  on  the  other 
*^  hand,  that  the  same  neatness  and  aocuracy  of  demonstration  is 
**  not  every  where  to  be  found  in  these  authors ;  owmg,  in  some 
**  measure,  perhaps,  to  too  great  a  disregard  ibr  the  geometry,  of 
**  the  ancients.** 

When  treating  of  the  theory  of  mechanics,  I  have  not  attempted 
to  j^plmn  the  nature  of  gravity,  impulse,  or  the  other  sources  of 
the  i^ption  of  bodies :  but  this,  I  hope,  will  not  be  considered  as  a 
defect,  when  it  is  recoUeeted  that  the  general  definition  of  the  term, 
fyrec  in  ^  mechanical  sense,  supersedes  the  necessity  of  enquiring 
into  the  essence  of  the  various  kinds  of  forces  which  may  operate 
upon  matter*  Those  who  carefully  contemplate  the  process  of  that 
gradual  reiinement  of  language,  which  results  from  the  necessary 
demands  occasioned  by  the  progress  of  civilisation,  will  see  how  re- 
quisite it  is  to  appropriate  terms  priginally  of  a  laxer  or  of  a  grosser 
8ign^cation,to  some  peculiar  modification  of  thought ;  and  hence, 
^^hat  such  words  as  power  sndjbrcef  primarily  used  to  denote,  ani- 
nsal  energy,  ve  now,  by  a  natural  extension,  grounded  upon  an 
obvious  analogy,  employed  to  express  efficiency  in  general.  In  the . 
phyosophical  acceptation,  then,  we  define/orce  or  power  to  be  tktd, 
whatever  it  be,  wMck  cautes  a  change  in  the  state  of  a  body^  whether 
that  state  he  rest  or  motion :  and  this  definition  does  not  require  en- 
tering into  any  metaphysical  disquisitions  relative  to  the  nature  of 
.onuses,  ojr  the  connection  of  cause  and  effi^ct :  that  every  effect  it. 
brought  about  by  some  cause,  is  a  truth  which  I  think  none  will  be 
disposed  to  deny ;  but  what  is  the  agency,  or  where  it  actual^  re* 
pides,  we  can  seldom  know,  except  perhaps  in  the  case  of  our  own 
voluntary  acUons,    It  is  not,  then,  the  business  of  the  mechanist, 


Digitized  by  V^OOQlC 


atrlcHy  fipeaking,  to  enquire  into  the  modui  operandi :  wc  lettn  from 
universal  experience,  that  the  muscular  energy  of  animals,  the 
operation  of  gravity,  electricity,  pressure,  impact,  &c.  are  sourcefl 
of  motion,  or  of  modifications  of  motion ;  and  hence^  without  pre- 
tending  to  know  the  essence  of  either  of  these,  we  do  not  hesitate 
to  call  them  mechanical  forces  ;  because  it  is  incpntrovertible  that 
bodies  exposed  to  the  free  action  of  either,  are  put  into  motion,  or 
have  the  state  of  their  motion  changed.  Forces,  therefore,  bemy 
known  to  us  only  by  their  efiects,  can  only  be  measured  by  the  e£^ 
fects  they  produce  in  like  circumstances,  whether  those  efiects  be 
creating,  accelerating,  retarding,  deflecting, or  preventing  motions: 
and  it  is  by  comparing  these  eiBects,  or  by  referring  them  to  some 
common  measure  of  ready  appreciation,  not  by  ascertaining  the  et? 
sentlal  nature  of  any  fbroes,  that  mephanios  is  piade  one  of  thf 
mathematical  sciences. 

Besides,  what  is  meant  by  the  nature  of  any  thing  ?  As  we  are 
ignorant  of  its  essence,  or  what  makes  it  that  thing  and  no  odie* 
thing,  we  must  content  ourselves  with  the  discovery  of  iu  qualities 
or  properties :  and  it  is  the  assemblage  of  these  which  is  commonly 
called  its  nature :  yet  this  is  very  inaccurate,  since  these  are  only  the 
consequences  of  the  essence.  Hence,  we  can  give  no  definition  of 
even  the  simplest  of  things  which  comprehends  its  real  essence ;  fin^ 
it  is  justly  observed  by  Locke  *,  that  nominal  essences  only,  whicl^ 

*  This  great  philosopher,  so  far  from  cunceiTing,  as  many  of  the  modern^ 
have  done,  that  the  nature  of  a  mechanical  operation  or  event  was  sufliicieuUy 
explained  by  reducing  it  to  some  supposed  case  of  impulsion,  considered  evei| 
the  connexion  between  impulse  and  motion  as  inexplicable,  as  a  cmjunctiom 
gathered  solely  from  experience,  and  not  as  a  consequence  deducible  from  any 
teasoning  ^-priort.  The  following  passages  on  this  subject  are  highly  deaBrriaf 
of  the  attention  of  the  student.  **  Another  idea  we  have  of  body»  >•  the  power  of 
**  communicating  motion  by  impulse ;  and  of  oi<r  souls,  the  power  of  exciting 
«  motion  by  thought.  These  ideas,  the  one  of  body,  the  other  of  our  minds^ 
«*  every  day's  experience  clearly  furnishes  us  with :  but,  if  here  again  we  enquire 
**  how  this  is  done,  we  are  equally  in  the  dark.  For,  in  the  communication  of 
<(  motion  by  impulse,  wherein  as  much  motion  is  bst  to  oue  body  as  is  got  to  the 
**  other,  which  is  the  ordinariest  case,  we  can  have  no  other  conception  hot  of 
*<  the  pasting  of. motion  out  pf  the  one  into  another;  which,  I  think,  is  asobr 
*'  BCtire  and  inconceivable  as  how  our  minds  move  or  stop  our  bodies  by  thought, 
**  which  we  every  moment  6nd  they  do***  Again :  '*  Sensation  convinces  ua 
*'  that  there  are  solid  extended  substances;  and  reflectionithat  there  are  think- 
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trethe  crefttures  of  our  own  minds,  can  be  properly  comprehended 
by  us,  or  can  be  properly  defined ;  and  even  of  these  there  are 
many  too  simple  in  their  nature  to  admit  of  definition.  The  various 
properties  of  a  body  which  fall  under  our  observation,  offer  them- 
selves to  our  notice  simultaneously ;  while  we  have  the  power  of  an 
intellectual  separation,  by  which  we  can  form  different  branches, 
each  constituting  a  particular  object  of  research :  thus,  the  extent 
skm,  the  materiality,  the  impenetrability^  the  colour,  Sec.  are  co« 
existent  qualities  of  a  body ;  but  our  minds  being  too  limited  tp 
examine  these  all  at  once,  we  divide  and  assort  them,  and  consider 
them  singly,  or  in  kindred  groups;  hence  arise  the  sciences  of 
geometry,  mechanics,  chromatics,  &c.  It  would  seem,  then,  that 
to  the  weakness  of  our  reason  is  to  be  ascribed  the  origin  of  the 
sciences :  and  this,  if  it  is  not  very  gratifying  to  our  pride,  may 
teach  us  at  least  to  moderate  our  expectations  when  we  attempt  to 
investigate  those  ultimate  questions,  which,  sooner  or  later,  occur 
in  all  objects  of  human  enquiry.  I  trust  it  will  not  be  supposed 
that  I  Hiean  to  discourage  an  examination  of  physical  and  metaphy- 
sical problems ;  on  the  contrary,  I  am  of  opinion^  tliat  by  looking 
attentively  into  such  subjects,  our  minds  are  opened  and  enlarged : 
an  enquiry,  properly  conducted,  will  lead  t6  at  least  one  of  two  good 
effects ;  though  it  should  not  make  us  more  knowing,  it  may  make 
us  modest ;  though  it  may  not  preserve  us  from  error,  it  may  from 
the  spirit  of  error ;  and  may  teach  us  to  be  aware  of  dogmatism, 
when  so  much  labour  may  terminate  in  so  much  uncertainty. 

The  preceding  observations  may  serve  to  suggest  the  advantage 
of  a  mathematical  process,  in  which  we  have  a  clear  perception,  not 
of  the  things  themselves,  but  of  the  agreement  or  disagreement  of 
pur  ideas  at  every  step  of  the  enquiry,  over  other  processes  in 
which  there  is  much  that  is  conjectural,  or  gratuitously  assumed, 
and  m  which  a  mass  of  error  may  be  produced  in  the  result,  propor- 
tioned to  the  length  to  which  the  chain  of  reasoning  is  extended  : 

"  ing  ones :  experience  assores  us  of  the  exiitence  of  luch  beings;  and  that  the 
*  one  bath  a  power  to  move  body  by  impolte,  aod  the  other  by  thought.  If 
'*  we  would  enquire  further  ioto  their  nature,  causes,  and  manner,  we  perceive 
**  not  the  nature  of  extension  clearer  than  we  do  of  thinking.  If  we  would  ex- 
"  plain  them  any  farther,  one  is  as  easy  as  the  other;  and  there  is  no  more 
**  difficulty  to  conceive  how  a  substance  we  know  not  should  by  tliought  sec 
**  body  in  motion,  fban  -how  a  substance  we  know  not  should  by  impulte  set 
"  body  ioto  motion.**    X«ocke's  Essay,  book  ii.  cha. .  23, 
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• 
ilthoiigh  in  the  matibeiiiatics  the  relations  of  quantity  ane  extremal)^ 
variouB,  yet,  as  they  are  all  along  susceptible  of  exact  mensuralioDf 
these,  if  any,  are  the  sciences  in  which  reason  may  triumph,  while 
in  other^s  its 'trophies  are  comparatively  inconsiderable.  On  these 
accounts  I  have  been  careful  in  the  comfposition  of  the  following 
sheets,  to  associate  nothing  with  the  theory  of  mechanics  but  the 
results  of  important  eicperiments,  and  the  descriptions  of  ii^nioua 
and  useful  machinery ;  omitting  all  those  discussions  which,  in  ny 
judgment,  appeared  to  be  merely  conjectuml  and  speculative. 

Hitherto  I  have  been  using  the  language  of  justifiaotioB,  with 
which  I  have,  unawares,  detained  the  reader  much  longer  than  I  at 
first  intended :  it  is  time  to  adopt  the  tone  of  apology.  In  the  exe* 
cutionof  this  work,  I  have  experienced  the  wide  difference  between 
forming  a  t>rojeet  and  accomplishing  the  object  I  had  in  view :  al* 
though  I  have  sometimes  pleased  myself  with  imagining  I  have 
struck  out  a  more  satisfactory  Olustration,  or  a  more  convincing 
demonstration,  than  has  been  usually  given,  I  have  too  frequently 
found  it  necessary  to  rest  below  that  perfection  which  I  had  previ- 
ously fancied  within  my  reach,  t  am  conscious  of  some  deficiencies 
and  of  some  mistakes  in  arrangement,  especially  in  the  second  vo« 
lurae,  which  were  discovered  too  late  to  be  now  rectified.  I  hope, 
however,  none  of  them  will  be  found  of  much  consequence.  Other 
mistakes,  it  may  be  apprehended,  will  be  detected  by  the  acute 
reader ;  I  shall  rejoice  if  these  are  but  few  and  of  slight  importance. 
Every  exertion  has  been  made  on  my  part  to  render  the  performance 
correct,  perspicuous,  and  useful ;  and  if  the  candid  examiner  should 
find,  that  in  the  main  it  possesses  these  properties,  I  shall  hope  to  « 
escape  severe  censure  for  those  imperfections  which  my  want  of 
abilities,  not  want  of  care,  may  have  permitted  to  meet  the  eye  of 

the  public. 
lUyai  Military  Academy,  WodmcK 
December,  1805. 

*«*  In  this  tliird  edition  the  work  has  been  carefully  revised, 
and  in  various  places  considerably  enlarged*  Soma  new  theoreti- 
cal propositions  are  added,  and  several  descriptions  of  new  mecha- 
nical inventions.  M.  Biot's  researches  into  the  dilatations  of 
liquids,  which  did  not  arrive  early  enough  for  insertion  in  the  5th . 
book  of  vol.  i.  are  given  in  vol.  ii.  as  a  supplement  to  the  article 
THKRMOMETEK,  to  tlic  in^provcment  of  which  they  tend.    . 

Jnty,  1815. 
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Remarks  on  Machinery  in  General. 

1.  Mechanics,  according  to  the  original  import  of  the  worJ^ 
treats  of  the  energy  of  Machines :  and  these  machines  are  no- 
thing more  than  organa,  or  tools,  interposed  between  the  work- 
man, or  natural  agent,  and  the  task  to  be  accomplished,  in  order 
to  render  that  work  capable  of  being  performed,  which  under 
the  limits  and  circumstances  proposed  would  have  been  difficulty 
if  not  impossible,  without  the  intervention  of  some  of  these 
contrivances. 

Machines  are  interposed,  as  was  remarked  (art.  S79.  vol.  I.), 
chiefly  for  three  reasons.  1.  To  accommodate  the  direction  of 
the  moving  force,  to  that  of  the  resistance  which  is  to  be  over- 
come. 2.  To  render  a  power  which  has  a  fixed  and  certain 
Velocity  efficacious  in  performing  work  with  a  different  ve- 
locity. 3.  To  enable  a  natural  power,  having  a  certain  de- 
terminate intensity,  to  balance  or  to  overcome  another  power  or 
obstacle,  whose  intensity  or  resistance  is  greater.  Each  of  these 
purposes  may  be  accomplished  in  different  ways  :  i.  e,  either  by 
machines  which  have  a  motion  round  some  fixed  and  supported 
point,  as  the  lever,  the  pulley.,  and  the  wheel  and  axle;  or  by 
those  which,  instead  of  being  supported  by  a  fixed  point,  about 
which  they  move,  furnish  to  the  resistance,  or  body  to  be  moved, 
a  soUd  path,  along  which  it  b  impelled,  as  the  inclined  plaue, 
the  wedge,  and  the  screw.  Compound  macliines  are  peculiar 
combinations  of  these  six,  of  whicli  we  have  treated  individually 
io  the  first  book  of  our  first  volume:  some  remarks  likewise 
upon  their  combination  have  been  given  in  Book  I.  Chap.  IV. 
art  161.  and  Book  II.  Chap.  VI.  And  we  have  treated  of 
the  strength  of  the  materials  of  which  machines  may  be  com- 
posed, in  Book  I.  Chap.  V.  Such  farther  observations  as  appear 
necessary  to  complete  a  theoretical  and  practical  knowledge  of 
Machinery  in  general,  previous  to  our  alphabetical  description 
of  particular  machines,  will  now  be  presented  to  the  student. 

TOL,  11.  *  B 
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2.  Simplicity  m  the  construction  of  machines  cannot  be  too 
warmly  recommended  to  the  young  engineer :  for  multiplicity 
of  parts  and  of  motions  increases  the  expence  of  erection, 
augments  die  friction,  and  multiplies  the  danger  of  failure  by 
the  bending  or  by  die  inaccurate  adjustment  of  the  parts.  In 
consequence  of  die  effects  of  friction  (of  which  we  shall  speak 
more  fully,  art.  24,  8ccO»  it  is  well  known  to  all  engaged  in  the 

1>ractice  of  mechanics,  that  by  no  combination  of  wheels,  or 
evers,  or  other  powers,  can  one  weight  be  made  to  move  an- 
other with  a  greater  or  even  an  equal  momentum :  and  by  the 
multiplication  of  wheels,  levers,  &c.  the  effect  of  the  machine, 
instead  of  bein^  increased,  b  diminished  in  proportion  to  the 
augmented  friction  of  the  moving  parts.  Hence  it  follows  ^t 
in  practice,  effect  is  lost  by  mechanical  combination,  but  guned 
by  simplification ;  and  that  the  most  perfect  machine  is  that 
which  operates  by  the  fewest  moving  parts.  In  order  to  con- 
trive a  simple  machine  to  be  tiieoretically  equivalent  in  power  U> 
a  complex  one,  the  following  rule  may  be  observed :  Cfonstruct 
the  various  parts  of  the  simpler  machme  so  that  the  velocity  of 
Ae  itnpelled  point  (art  365.)  shall  be  to  that  of  the  workii^ 
point,  in  the  same  ratio  as  they  are  in  the  compound  machine; 
then  will  the  effects  of  these  two  machines  be  the  same,  so  far 
as  depends  upon  pure  theory :  but  in  practice  the  simpler  will 
be  the  more  efficacious,  in  consequence  of  the  diminution  of 
friction. 

S.  For  an  example,  suppose  the  compound  machine,  fig,  I. 
pi.  II.  were  to  be  proposed,  in  order  that  a  more  simple  one 
might  be  constructed  to  perform  the  same  work.  Let  c  a,  the 
lever  to  which  the  pewer  is  applied,  be  10  feet,  de  5  feet  in 
diameter,  ef=:2  feet,  hi  =  3  feet,  gh=5  feet,  and  kl^^ 
1  foot,  the  latter  being  the  cylinder  on  which  the  rope  raising 
the  weight  w  folds.  Now  the  diameter  of  the  circle  described 
b^  the  power  at  a  is  20  feet :  and  to  find  the  diameter  of  the 
Circle  whose  circumference  is  equal  to  the  space  passed  over  bj 
w  in  one  revolution  of  the  lever  CA,  reduce  the  following  frac- 

tKM»f  via.  — X  —  X— =^xixf  =  ,V<>^^c;  conse- 

Quently  the  velocity  of  die  weieht  is  Vt  of  ^^^  of  the  power. 
And  hence,  if  upon  the  vertical  axis  cm  (fis.  2.  pL  U.)  a  wheel 
be  fixed,  die  diameter  kl  of  which  is  equd  to  4^  feet  (that  is, 
Vt  of  2ac),  the  weight  w  will  be  raised  the  same  height  by  the 
simple  as  by  the  compound  machine,  at  every  revolution  of  tho 
power  A.  So  diat,  the  simple  machine  AGmA/,  will  be  at  least 
eoual  in  effect  to  ^e  compound  one  acmdefoSikl,  and  the 
wheels  db,  ep,  oh,  hi,  and  kl,  are  extraneous,  and  probably 
prejudicial. 
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4.  For  aQodier  example  take  the  following.  In  the  common 
wheel  and  ajile,  the  advantage  gained  is  in  the  ratio  of  the  radius 
of  the  winch  to  that  of  the  barrel :  so  that  when  it  is  proposed  to 
increase  that  adrantage,  either  the  handle  must  be  lengthened, 
or  tfaa  diameter  of  the  axle  diminished ;  neither  of  which,  how- 
ever, is  practicable  beyond  certain  limits,  because  the  liaadle 
might  be  too  long  for  convenient  management,  or  the  axle  too 
slender  to  support  the  load :  in  such  cases  it  is  usual  to  annex 
another  whed  and  pinion,  or  a  tackle  of  pulleys.  But  the  foir 
lowing  construction  is  greatly  preferable.  In  fig.  7.  pi.  I.  the 
part  A  of  the  barrel  is  larster  than  the  part  b,  and  the  roi>e 
which  passes  ander  the  puUey  c  and  sustains  the  weight  o  is 
wound  upon  each  in  contrary  directions.  Whenever,  t^efor^ 
the  handle  kf  b  turned,  so  as  to  gather  the  rope  upon  the  larger 
cylinder,  it  will  be  given  ofif  by  die  smaller :  and  for  every  turn 
of  the  larger,  or  its  correspondent  portion  of  rope  wound  upi^ 
there  will  be  given  off  a  portion  of  rope  answering  to  the  circuafr* 
ference  of  the  smaller.  Consequenuy,  the  quantity  of  unvraiuul 
rope  will  be  less  after  siich  a  turn,  by  a  portion  equal  to  the 
difference  between  the  circumferences  of  the  two  cylinders; 
and  the  weight  o  will  be  raised  throng  half  that  space. 
Whence,  since  the  radii  of  circles  are  as  their  circumferences, 
we  may  use  this  analogy : 

As  the  radius  of  the  winch. 
To  half  the  difference  of  the  radii  of  the  cylinders; 
So  is  the  weight. 
To  the  pNOwer  balancin|r  it. 

In  fig.  8.  b  exhibited  a  simple  capstan  m  which  the  same  con- 
trivance is  adopted.  Here,  if  the  upper  barrel  Awere  17  incb^ 
diameter,  and  the  lower  B  16  inches,  the  pulley  c  bwig  also 
16  inches  diameter ;  it  will  be  obvious  that  this  simple  capstan 
will  be  equivalent  to  an  ordinary  capstan  of  the  same  length  of 
bar  £F,  and  diameter  of  barrel  b,  combined  with  a  16-fokl 
tackle  of  pulleys ;  and  at  the  same  time  free  from  the  great  loss 
by  friction  and  beudii^;  of  r<H>e8,  which  would  absorb  at  least  a 
^ird  of  the  power  of  a  16-fold  tackle. 

One  peculiar  advantage  of  this  engine  is,  that  the  half  differ- 
ence of  the  radii  of  A  and  b  may  b^  diminished  ad  libUvm,  with* 
out  weakening  the  cylinder,  inCreasmg  the  friction,  or  requiring 
any  rapid  curvature  of  the  rope.  This  windlass  has  likewise  the 
peculiar  propeitj  of  holding  the  weight  at  any  part  of  its  rise 
or  fall  without  needing  a  rachet  wheel  and  catch.  Its  only 
practical  disadvantage  is,  that  a  great  quantity  of  rope  must  be 
used  to  produce  a  moderate  change  in  the  position  of  the 
weight ;  but  the  qu^tity  of  rope  will  be  much  less  than  what 
b  requbite  for  an  equivdent  tackle  of  pulleys.  This  ingenious 
^  B  2 
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4  MECHANICS. 

ContTivance  is  generally  ascribed  to  the  celebrated  George 
Eckhardt ;  and  he  probably  invented  it  without  knowing  that 
it  had  been  used  elsewhere:  but' we  have  seen  a  figure,  from 
which  our  figure  8  is  merely  a  copy,  in  some  Chinese  drawings 
of  nearl}  a  century  old. 

5.  The  methods  of  communicating  motion  from  one  thing  to 
another,  or  from  one  point  to  another,  are  almost  infinitely  di- 
Tersified  :  so  that  it  will  not  be  expected  that  they  should  all  be 
described  here.  It  is  manifest  that  the  communication  of  mo- 
tion will  in  different  circumstances  be  better  effected  by  means 
of  one  simple  machine  (or,  as  they  are  usually  called,  mecha- 
nical power),  than  by  another ;  and  much  of  the  skill  of  the 
engineer  consists  in  choosing  the  instrument  most  proper  for  the 
purpose  proposed '  and  the  same  will  be  the  case  with  regard  to 
more  complex  machines.  In  some  instances  a  simple  lever,  or 
a  simple  unbent  cord,  will  answer  better  than  any  combination: 
in  others  it  may  be  highly  advantageous  to  use  a  combination  of 
levers  acting  upon  each  other,  by^means  of  so  many  fulcra ;  and 
by  these  the  direction  may  be  changed  at  pleasure :  in  others,  as 
when  motion  is  communicated  to  a  series  of  wheels  and  axles  in 
succession,  it  may  be  effected  by  a  rope  running  in  grooves 
round  one  wheel  and  the  succeeding  axle  ;  or  by  what  was  de- 
scribed in  vol.  I.  art.  246.  under  the  name  of  tooth  and  pinion 
work:  in  others  again,  by  a  barrel  and  winch  with  an  endless 
screw.  And  many  other  contrivances  will  readily  suggest  them- 
selves to  an  ingenious  artist. 

6.  But  such  simple  methods  cannot  always  be  adopted.  Thus 
when  it  is  required  by  means  of  a  rotatory  motion  to  produce  a 
reciprocating  otie^  as  the  alternate  motion  of  the  pistons  of 
pumps,  for  example;  one  of  the  following  contrivances  may  be 
used.  To  a  vertical  shaft  as  AP  (fig.  6.  pi.  II.)  fix  a  large  hori- 
zontal wheel  MOIL,  the  lower  part  of  which  is  indented  in 
waves  Mso,  oqi,  &c.  of  which  tlie  constituent  arches  are  either 
circular  or  parabolic.  On  a  convenient  point  d  of  an  upright 
post  as  a  centre  of  motion,  let  a  lever  EDO  move ;  one  end  of 
It  carrying  the  moveable  vertical  wheel  cr,  in  size  properly 
adjusted  to  the  waves  of  the  horizontal  wheel ;  the  other  ef 
bemg  a  circular  arc  to  which  is  applied  the  chain  eg  of  the 
pump.  Then  whilst  the  great  wheel  is  turned  by  the  lever  n  a 
from  o  towards  i,  the  wave  a  presses  down  the  wheel  qr, 
and  raises  the  end  e  of  the  lever,  and  tlms  draws  up  the  water 
in  the  pump  g.  But  when  the  deepest  part  o  of  the  wave  is 
past  the  highest  part  of  the  wheel  cr,  the  wheel  rises  up  into 
the  hollow  s,  and  so  the  chain  eg  descends  till  the  next  wave 
raises  it  again.  Thus  the  passage  of  every  wave  by  the  wheel 
CR  causes  a  stroke  of  the  pump.  If  the  number  of  waves  be 
odd,  and  another  p^inip  wheel  aud  lever  be  placed  diametrically 
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opposite  on  the  other  side  of  the  great  M^heel ;  then  t^ese  two 
levers  acting  bj  turns^  will  keep  the  motion  tolerably  uniform^ 
and  the  power  at  n  will  have  nearly  a  uniform  action.  The 
wheel  CR  is  introduced  for  the  sake  of  softening  the  friction : 
but  it  must  be  carefully  adjusted  to  the  magnitude  of  the  waves, 
or  else  the  motion  will  be  hobbling  and  irregular.  On  this  ac- 
count the  following  method  of  obtaining  a  reciprocating  motion 
is  more  usual. 

Instead  of  making  the  axis  au  (fig.  3.  pi.  IL)  in  one  con- 
tinued straight  line,  let  it  be  bent  at  righ^  angles  in  the  points 
^i  ^f  />  gy  K  &.C.  so  that  the  portions  €j\  gh,  shall  be  parallel 
to  AB,  and  in  the  course  of  a  rotation  of  the  lantern  or  trundle 
£F,  they  will  describe  cylindrical  surfaces:  if,  then,  pistons 
and  their  handles  ib^  ibj  be  hung  upon  the  cranks  i,  \,  as  tlie 
rotatory  motion  of  the  trundle  ef  (wheii  worked  by  another 
wheel)  proceeds,  the  pistons  are  alternately  forced  up  and  down 
in  the  pumps;  and  thus  make  one  complete  stroke  of  each 
pump  for  every  turn  of  the  lantern.  It  will  be  advisable  to  place 
pulleys  or  rollers  at  a^  6,  a^  b,  for  the  handles  or  chains  to  work 
against,  when  the  obliquity  of  the  motion  of  the  cranks  i,  i, 
carries  them  out  of  the  vertical  position. 

Other  methods  of  obtaining  reciprocrating  by  means  of  cir- 
cular motions  may  be  seen  under  the  articles  Air-pump  and 
Sawmill.    See  also  pL  XXXVIII.  and  XXXIX. 

7.  To  produce  a  rotatoria  motion  by  means  of  a  reciprocating 
one.  Suppose  it  is  required  to  give  to  the  wheel  svto  (fig.  4. 
pi.  II.)  a  rotatory  modon  about  the  centre  c.  In  the  plane  of 
the  wheel,  attach  to  a  fixed  point  f  as  a  centre  of  motion  a 
lever  rg,  which  may  move  freely  up  and  down :  let  a  pin  be 
fixed  in  the  wheel  as  at  r;  and  let  an  inflexible  bar  qr  hang 
upon  the  pin  at  R  at  one  end,  while  the  other  end  is  attached 
to  the  lever  fq  by  a  stirrup;  the  motion  being  quite  easy  at  both 
ends.  Then,  while  the  point  o  is  raised  upwards  the  bar  pulls 
upwards  the  pin  r,  and  so  continues  to  do  until  the  poiiuts  o, 
R,  and  c,  fall  in  a  right  line ;  at  that  time  the  effort  of  the  bar 
to  turn  the  wheel  is  nothing ;  but  the  wheel  by  its  anterior  ro- 
tation has  acquired  a  quantity  of  motion  which  will  carrj  it  on 
in  the  same  direction,  till  by  the  downward  motion  of  the  ex- 
tremity Q  of  the  lever,  the  bar  begins  to  push  forward  the  pin 
to  which  it  is  attached :  thus  the  motion  is  continued  till  the 
points  Q,  c,  and  r,  are  again  in  a  right  line,  r  being  now  the 
farthest  from  Q :  m  this  position  the  bar  has  no  tendency  to 
move  the  wheel  along  ^  but  here  the  effort  of  momentum  con- 
tinues the  motion,  as  betbre,  till  the  bar  begins  to  draw  the  point 
r  upwards.  And  thus  a  reciprocating  motion  of  the  lever  fr 
gives  a  copdplete  rotatioi\  to  the  wheel ;  aud  the  velocity  of  t!ic 
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circumference  of  die  wheel  may  be  made  as  rapid  as  we  pleafse, 
by  makiag  (he  distance  CR  so  much  the  smaller  in  comparison 
of  cv.  If  the  lever  Fa  be  below  the  wheel,  die  general  effect 
will  be  the  same,  but  the  particular  circumstances  of  the  mo- 
tion will  succeed  each  other  in  a  contrary  order.  In  practice 
it  is  common  to  substitute  for  die  pin  at  k  the  handle  of  a 
bent  winch,  as  represented  by  the  dotted  lines  in  the  figure.  It 
is  not  absolutely  necessary  that  the  lever  and  wheel  should  be 
in  the  same  plane ;  but  deviations  from  it  are  not  often  to  be 
recommended,  except  in  small  machinery,  such  as  a  common 
spinning  wheel  worked  by  the  feet,  8cc.  When  it  is  not  re- 
quired to  have  a  complete  rotation  of  the  wheel,  for  every  ascent 
and  descent  of  the  lever  fq,  we  may  change  the  relation  of  the 
two  motions  in  any  proportion,  by  the  intervention  of  tooth  and 
pinion  work. 

8.  To  describe  a  rectilinear  reciprocating  motion^  by  means 
of  an  angular  or  circular  reciprocating  motion.  Let  it  be  pro- 
posed, for  example,  to  move  the  end  f  of  the  beam  fh  to  and 
fro  in  the  line  ec.  Fix  a  beam  AB(fig.  9.  pi.  L)  perpendicularly 
to  the  given  line  eg,  and  cut  in  that  beam  a  groove  cd  equal  in 
length  to  the  beam  fh  :  let  the  end  h  of  the  beam  fh  be  con« 
fin^  by  a  pin  to  run  along  the  «-oove  co ;  and  let  two  other 
pins  be  fixed,  one  at  6  the  middle  point  of  the  beam  fh,  the 
other  at  c  the  lower  point  where  the  reciprocating  motion  of 
the  point  f  terminates :  take  an  iron  bar  CG  equal  m  length  to 
half  FH,  and  let  it  move  upon  the  pins  c  and  o  as  joints.  Then 
while  the  end  g  of  the  bar  or  guide  co  moves  through  the 

Suadrantal  arc  ig  gk  ;  the  point  h  of  the  beam  will  slide  along 
le  groove  from  d  to  c,  and  the  point  f  along  the  line  CE  firom 
c  to  E  :  and  when  the  guide  returns  from  k  by  g  to  L,  the  end 
F  of  the  beam  will  return  along  the  line  Ec.  For,  when  co  = 
OF  :?  G  H,  supposing  a  line  drawn  from  c  to  F,  die  angle  foc  s: 
ecH  +  GHc  =  2ggh  ;  and  cgh  =  qcf  +  <^fc  =b  €gcf.  Hence 
we  have  2  bcF  +  2  OCR  =  fgo  4-  hgc  =  2  risht  angles,  and 
coniM-quently  gcf  +  gch  =  hcp  =  1  right  angle :  that  is,  die 
point  F  falls  in  a  right  line  drawn  through  c  at  right  angles  to 
CO.  And  when  fh  is  in  any  other  position,  as  /A,  the  same 
may  be  ^hewn. 

9.  Tu'  communicate  motion  in  any  direction  by  wheels  ^  and  to 
construct  the  wheels/or  that  purpose.  This  may  be  done  by 
placing  the  wheels  so  that  their  shafts  or  axles  shaJ  be  inclined 
m  given  aiigle.^,  as  represented  m  figs.  1  and  7.  pi.  III.  And 
in  this  case  the  wheels  are  seldom  portions  of  cylinders,  but 
most  commonly  portions  of  cones.  When  the  wheels  do  not 
make  an  angle  of  90^,  the  adjustment  of  the  shape  and  ma|# 
nitiide  of  the  conic  frustums  which  constitute  ^  wheels,  is 
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known  amoog  millwrights  by  die  name  ofbevel^eer  work ;  a 
concise  aecouDt  of  which  is  here  added.  If  two  cones  a  and  b 
(fig^.  €.  pi.  III.)>  whose  surfaces  always  touch  in  a  right  line,  as 
ae,  revolve  on  their  axes  ab,  ac,  rolling  the  one  upon  the  other; 
and  if  the  bases  and  altitudes  of  these  cones  be  equals  they  will 
]>erfonii  complete  revolutions  m  one  and  the  same  time.  For 
since  tlie  bases  and  altitudes  are  equal,  circles  on  either  cone 
parallel  to  the  base,  and  at  equal  distances  from  the  vertex,  as 
the  distances  a2,  a2,  for  instance,  will  be  equal :  and  therefore 
lirhile  the  surfaces  of  the  cones  roll  one  upon  another,  every 
point  in  the  circumference  of  one  of  these  circles  will  be 
brought  successively  into  contact  with  a  corresponding  point 
on  the  circumference  of  the  other,  and  they  will  both  have  re- 
volved in  an  equal  dme.  The  same  will  hold  of  the  corre- 
sponding circles  at  any  other  eaual  distances  from  the  vertex, 
«rl,  aS,  d^f  &c.  and  consequently  the  two  cones  will  perform 
their  rotations  in  equal  times. 

Again,  if  the  cone  ade  (fig.  3.  pi.  III.)  have  the  diameter 
of  its  base  double  that  of  the  cone  a^^  while  their  slant  heights 
are  the  same ;  and  if  these  two  cones  turn  on  their  axes  ac^  ab, 
their  surfaces  during  the  rotation  always  touching  one  another 
in  a  right  line ;  then,  since  the  circumference  of  the  base  de  h 
double  that  of  the  base  df,  and  the  circumference  of  every  cir- 
cuUu'  section  parallel  to  the  former  base,  double  that  of  every 
corresponding  section  parallel  to  the  latter  base,  it  follows  that 
when  the  cone  afd  has  performed  one  rotation,  the  cone  ade 
will  have  made  but  half  a  rotadon.  Tie  times  of  rotation 
behig  in  the  ratio  of  their  bases. 

In  like  manner,  if  the  cone  aed,  (fig.  4.  pi.  II L)  have  the 
diameter  of  its  base,  to  the  diameter  of  the  base  of  aclf,  as  m 
to  n,  the  slant  heights  being  the  same ;  and  if  these  cones  turn 
upon  their  axes  ac,  ab,  their  surfaces  being  always  in  contact 
in  some  right  line  as  ad\  then  will  the  time  of  a  complete  ro- 
tation of  the  cone  aed,  be  to  the  dme  of  rotation  of  adjy  as 
mton;  and  conseqi.eudy  the  number  of  rotations  of  the  former 
cone  to  the  number  of  roUtions  of  the  hitter  in  any  givt  u  time, 
as  n  to  m.  And  if  these  cones  were  fluted,  the  flutes  diverging 
€K>ntinually  from  the  apex  a  to  the  base,  they  would  become  co* 
nical  wheels,  and  constitute  bevelrgeer. 

10.  ThuM,  if  b6  and  hd  (fig.  5.  pi.  III.)  be  the  bases  of  two 
cones  turnuig  on  their  axes,  having  teeth  cut  in  them  diverging 
from  the  common  vertex  a  to  those  bases,  such  teeth  wtii  work 
freely  into  one  another  from  one  end  to  the  other :  but,  as  such 
teeth  would  be  very  difficult  of  adjustment  towards  the  pcnnt  a, 
and  becaose  in  practice  tbe  two  axes  could  not  both  be  properly 
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fixed  to,  one  and  the  same  point ;  it  is  necessary  to  cut  oiF  a 
portion^  as  i^FE,  from  the  upper  part  of  both  cones,  and  ^pply 
the  axles  to  the  lower  parts  m  the  same  manner  as  in  commoa 
wheels.  The  great  advantages  of  these  conical  wheels  are,  that 
their  teeth  may  be  made  of  any  breadth^  according  to  the  stress 
they  are  to  sustain;  and  tliat  the  friction  will  be  small  in  com- 
parison of  that  occasioned  by  most  other  methods  of  com- 
municating motion  in  oblique  directions. 

1 1.  Now,  to  dettrmine  the  dimensions  of  two  conical  wheels, 
to  communicate  motion  in  any  joblique  angle,  the  following - 
graphic  method  may  be  used.  Suppose  ab  (fig.  6.  pi.  III.)  to 
represent  the  shaft  or  axle  of  one  wheel,  and  de  the  axle  of  an- 
other wheel,  the  angle  x  in  which  they  intersect  each  other 
being  equal  to  the  angle  in  which  the  motion  is  proposed  to  be 
communicated :  let  it  be  required  for  the  shaft  de  to  revolve  m 
times  while  the  shaft  ab  revolves  n  times ;  and  let  the  line  u  be 
drawn  parallel  to  de  at  a  distance  equal  to  the  radius  of  the  base 
of  the  wheel  whose  axle  is  de.  Then  draw  a  line  kk  parallel 
to  ah^  and  at  a  distance  yg  from  it^  which  shall  be  to  the  distance 
^A  as  m  to  72:  through  x  the  point'  of  intersection  of  the  lines 
first  proposed,  and  y  the  intersection  of  the  two  lines  u,  kk, 
respectively  parallel  to  tlie  two  former,  draw  the  hue  xyw, 
Mrhich  will  be  the  pitch  line  of  the  two  conical  wheels,  or  the 
line  in  which  the  teeth  of  those  wheels  act  upon  one  another ; 
and  gy,  hy  will  represent  the  exterior  radii  of  the  wheels,  which 
will  work  one  against  the  other  after  the  manner  shewn  in 
fig.  7,  where  the  corresponding  parts  are  marked  by  the  same 
letters.  A  third  shaft  and  wheel  may  easily  be  applied  to  com-^ 
inunicate  motion  in  a  different  direction  from  either  of  the 
former :  as  the  shaft  and  wheel  rstv  in  fig.  7* 

It  is  manifest  from  what  is  done  above,  that  this  is  nothing 
more  than  to  divide  an  angle  bxh  into  two  parts  whose  sines 
shall  have  a  given  ratio  of  m  to  n:  a  well-known  problem 
which  solved  algebraically  gives  the  theorem,  2  sin  J  gxy  = 

2  sin  I  gxh  •  — !^.  (Simpson's  Select  Exercises,  pa.  138.)-   So 

that  all  which  is  required  here  may  be  easily  calculated  by  the 
common  rules  of  plane  trigonometry ;  and  thus  the  accuracy  of 
the  construction  may  be  established. 

12.  Universal  joints  (invented  by  Dr.  Hooke)are  sometimes 
used  to  communicate  motion  obliquely,  instead  of  conical 
wheels.  I  ig.  8.  pi.  III.  represents  a  single  universal  joint  which 
may  be  employed  where  the  angle  does  not  exceed  40  degrees, 
and  when  the  shafts  are  to  move  with  equal  velocity.  The 
^}lafts  A  and  B  being  both  connected  with  a  cross,  will  move  on 
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the  rounds  at  the  poiuts  CB  and  df,  and  thus  if  the  shaft  a  is 
turned  round,  the  shaft  b  will  likewise  turn  with  a  siqiilar  mo-^ 
tion  in  its  respective  position. 

The  double  universal  joint  (fig.  9.  pL  III.)  conveys  motion  in 
different  directions  when  the  angle  is  between  50  and  90  de- 
grees. It  is  at  liberty  to  move  on  the  rounds  at  the  points  o, 
H,  1,  K,  connected  with  the  shaft  b  ;  also  on  the  poiuts  l,  m,  n, 
T,  connected  with  the  shaft  A  :  thus  the  two  shafts  are  so  con- 
nected that  one  cannot  turn  without  causing  the  other  to  turn 
hkewise.  These  joints  may  be  constructed  by  a  cross  of  iron, 
or  with  four  pins  fastened  at  right  angles  upon  the  circumfer- 
ence of  a  hoop  or  of  a  solid  ball :  they  are  of  great  use  in  cot- 
ton mills,  where  the  tumbling  shafts  are  continued  to  a  great 
distance  from  the  moving  power :  for  by  applying  a  universal 
joint,  the  shafts  may  be  cut  into  convenient  lengtlis,  and  so  be 
enabled  to  overcome  a  greater  resistance. 

13.  When  the  number  of  teeth  in  each  of  two  xcheels  is  siven, 
and  the  diameter  of  one  of  ihem^  the  diameter  of  the  other  should 
be  so  found  that  one  zcheel  mat/  drive  the  other  without  shaking: 
and  for  this  purpose  there  will  be  a  different  proportion  of  dia- 
meters or  of  radii,  according  to  the  number  of  teeth  which  are  to 
be  in  contact.  Let  ade,  bdf  (figt  10.  pi.  III.)  represent  por- 
tions of  the  wheels,  c  the  point  where  the  teeth  ought  first  to 
come  into  contact:  draw  CD  perpendicular  to  ab  the  right  line 
joining  the  centres  of  the  wheels ;  and  if  this  be  reckoned  the 
radius,  cb  will  be  the  secant  of  the  angle  dob,  and  ao  the  se- 
cant of  the  angle  dca.  Consequently,  cb  :  ca  :  :  secant  dob  : 
secant  dca  : :  cosec.  dbc  :  cosec.  dac.  But,  the  number  of 
teeth  in  each  wheel  being  given,  the  angles  dbc,  DAC,  vary  as 
half  the  number  of  teeth  in  contact.  Therefore,  divide  the  arch 
of  the  semicircle,  or  180  degrees,  by  half  the  number  of  teeth 
in  each  wheel,  and  proportion  the  radii  of  the  wheel  to  the  co- 
secants of  the  quotients,  or  of  double,  or  of  treble  the  quotients, 
according  to  the  depth  of  the  wheels  running,  viz.  according  as^ 
they  are  to  have  two,  four,  or  six  teeth,  in  contact ;  so  shall  the 
motion  be  regular  and  free  from  shaking. 

In  art.  147'  of  the  first  volume,  we  described  the  best  forms 
for  the  teeth  of  wheels :  in  many  cases,  however,  a  sm^l  devia- 
tion from  these  perfect  forms  is  not  of  great  importance.  But 
in  cases  where  the  utmost  accuracy  is  required,  as  in  the  pallets 
of  clocks  and  watches,  the  form  of  the  teeth  must  be  carefully 
attended  to.     See  the  article  Teeth  in  this  volume. 

14.  To  regulate  any  motion  and  make  it  uniform,  one  of  the 
most  obvious  methods  is  that  by  means  of  a  pendulum  and  scape- 
roent.  Thus,  (fig.  5.  pi.  II.)  as  the  ^pendulum  ab  vibra  es,  it 
causes  efo  to  vibrate  also,  about  the  axis  fg:  whilst  the  pen- 
dulum vibrates  towards  d  a  tooth  of  the  wheel  kl  goes  oft  the. 
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{>aHet  i|  and  another  calcbes  the  pallet  h  :  and  when  the  pendu^ 
urn  returns  towards  c,  it  draws  the  pallet  h  off  the  tooth,  and 
another  catches  the  pallet  i ;  and  so  oh  alternately.  So  that,  at 
every  vibration  of  the  pendulum,  a  tooth  goes  off  one  or  other 
of  the  pallets :  and,  as  the  vibrations  of  the  pendulum  are  iso- 
chronous, the  teeth  move  from  the  pallets  uniformly,  the  whole 
rotation  of  the  wheel  kl  is  made  regularly,  and  by  reason  of  the 
connection  of  the  teeth  and  pinions  the  descent  of  w  is  uniform, 
which  >^ouldotherwi8ehavebeenaccelerated.  See  Scape  merits. 
-  15.  Professor  Robison  has  given  some  general  observations 
on  die  construction  of  machines,  and  on  the  regulating  of  their 
motions,  which  appear  highly  worthy  of  the  reader's  attention, 
and  are  therefore  extracted,  as  below. 

When  heavy  stampers  are  to  be  raised,  in  order  to  drop  on 
the  matters  to  be  pounded,  the  wipers  by  which  they  are  lifted 
should  be  made  of  such  a  form,  that  the  stamper  may  be  raised 
by  a  uniform  pressure,  or  with  a  motion  almost  perfectly  uni- 
form. If  this  is  not  attended  to,  and  the  wiper  is  only  a  pin 
sticking  out  from  the  axis,  the  stamper  is  forced  into  motion  at 
once.  This  occasions  violent  jolts  to  the  machine,  and  great 
strams  on  its  moving  parts  and  their  points  of  support ;  whereas 
when  they  are  gradually  Ufted,  the  inequality  of  desultory  motion 
is  never  felt  at  the  impelled  point  of  the  machine.  We  have 
seen  pistons  moved  by  means  of  a  dpuble  rack  on  the  pbton-rod. 
A  half  wheel  takes  hold  of  uue  rack,  and  rabes  it  to  the  reauired 
height.  The  moment  the  half  Mheel  has  quitted  that  side  of 
the  rack,  it  lays  hold  of  the  other  sideband  forces  the  |^ton 
d»wn  again.  This  is  proposed  a:*  a  great  improvement ;  cor- 
recting the  unequable  motion  of  the  piston  moved  in  the  com- 
mon wa>  by  a  crank.  But  it  i^  far  inferior  to  the  crank  motion. 
It  occasions  such  abrupt  changes  of  motion,  that  the  machine  is 
shaken  by  jolts.  Indeed  if  the  movement  were  accurately  ex- 
ecuted, the  machine  would  be  shaken  to  pieces,  if  the  parts  did 
not  giv^  way  by  bending  and  yielding.  Accordingly,  we  have 
always  observed  that  this  motion  soon  failed,  and  was  changed 
for  one  that  was  more  smooth.  A  judicious  engineer  will  avoid 
all  such  sudden  changes  of  motion,  especiaUy  in  any  ponderous 
part  of  a  machine. 

When  several  stampers,  pistons,  or  other  reciprocal  movers, 
are  to  be  raised  and  depressed,  common  sense  teaches  us  to 
distribute  their  times  o(  action  in  a  uniform  manner,  so  that  the 
machine  ma>  always  be  equally  loaded  with  work.  When  this 
is  done,  and  the  observations  in  tlie  preceding  paragraph  attended 
to,  the  machine  ma>  be  made  t>  move  almost  as  smoothly  as  if 
there  were  no  reciprocations  m  it.  N  otkins  shews  the  ingenuity 
of  the  author  more  than  the  artful  yet  simple  and  effectual  con- 
trivances for  obviating  those  difficulties  diat  unavoidably  arise 
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from  tke  very  nature  of  the  work  that  must  be  performed  by 
the  machine,  and  of  the  power  employed. 

16.  There  is  also  great  room  for  ingenuity  and  good  choice 
in  the  management  of  the  moving  power,  when  it  is  such  as 
cannot  immediately  produce  the  kind  of  motion  required  for 
effecting  the  purpose.  We  mentioned  the  conversion  of  the 
continued  rotation  of  an  axis  into  the  reciprocating  motion  of  a 
piston,  and  the  improvement  which  was  thought  to  have  been 
made  on  die  common  and  obvious  contrivance  of  a  crank,  by 
substituting  a  double  rack  on  the  piston-rod,  and  the  incon- 
venience arising  from  the  jolts  occasioned  by  this  change.  We 
have  seen  a  great  forge,  where  the  engineer,  in  order  to  avoid 
the  same  inconvenience  arising  from  the  abrupt  motion  given  to 
the  great  sledge  hammer  of  seven  hundred  weight,  resisting  widi 
a  five-fold  momentum,  formed  the  wipers  into  spirals,  which 
communicated  motion  to  the  hammer  almost  witnout  any  jolt 
whatever;  but  the  result  was,  that  the  hammer  rose  no  higher 
than  it  had  been  raised  in  contact  with  the  wiper,  and  then 
foil  OD  the  iron  bloom  with  very  little  effect.  The  cause 
of  its  ineflciency  was  not  guessed  at;  but  it  was  removed;  and 
wipers  of  the  common  form  were  put  in  place  of  the  spirals. 
In  this  operation,  the  rapid  motion  of  the  hammer  is  absolutely 
necessary.  It  is  not  enough  to  lifit  it  up ;  it  muitt  be  tossed  up, 
so  as  to  fly  higgler  dian  the.  wiper  ufts  it,  and  to  strike  with  great 
force  the  strong  oaken  spring  which  is  placed  in  its  way.  It 
compresses  this  spring,  and  is  reflected  by  it  with  a  considerable 
velocity,  so  as  to  hit  the  iron  as  if  it  had  fallen  from  a  great 
h^ht.  Had  it  been  allowed  to  fly  to  that  height,  it  woul^  have 
bilen  upon  the  iron  with  somewhat  more  force  (because  no 
osken  spring  is  perfectly  elastic) ;  but  this  would  have  required 
more  than  twice  the  time. 

17.  In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  motion  (as  in  ap- 
plyiiq^  the  steam  engine  to  a  cotton  or  a  erist  mill),  diere  also 
occnr  great  diflSculdes.  The  necessity  of  reciprocation  in  the 
first  mover  wastes  much  power;  because  die  iiistrumeut  which 
communicates  such  an  enormous  force  musi  be  extremely 
strong,  and  be  well  supported.  The  impelling  power  is  wasted 
in  impartTng,  and  afterwards  destroying,  a  vast  quantity  of 
motion  in  the  working  beam.  The  skilful  engineer  will  attend 
to  this,  and  do  his  utmost  to  procure  the  necessary  strength  of 
this  fir^t  mover,  without  makine  it  a  vast  load  of  inert  matter. 
He  vrill  also  remark,  that  all  the  strains  on  it,  and  on  its 
supports,  are  changing  their  directions  in  every  stroke.  This 
requires  particular  attention  to  the  manner  of  supporting  it  If 
we  observe  the  steam  engines  which  have  been  long  erected, 
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we  see  that  they  have  uniformly  shaken  the  building  to  pieces. 
This  has  been  owing  to  the  ignorance  or  inattention  of  the  en- 
gineer in  this  particular.  They  are  much  more  judiciously 
erected  now,  experience  having  taught  the  most  ignorant  that 
no  building  can  withstand  their  desultory  and  opposite  jolts, 
and  that  the  great  movements  must  be  supported  by  a  frame- 
work independent  of  the  building  of  masonry  which  contains 
it* 

The  engineer  will  also  remark,  that  when  a  single-stroke 
steam  engine  is  made  to  turn  a  mill,  all  tlie  communications  of 
motion  change  the  direction  pf  their  pressure  twice  every  stroke. 
During  the  working  stroke  of  the  beam,  one  side  of  the  teeth  of 
the  inter  vening  wheels  is  pressing  the  machinery  forward ;  but 
during  the  returning  stroke,  the  machinery,  already  in  motion, 
is  dragging  the  beam,  and  the  wheels  are  acting  with  the  other 
side  of  the  teeth.  This  occasions  a  rattling  at  every  change, 
and  makes  it  proper  to  fashion  both  sides  of  the  teeth  with  the 
same  care.^ 

It  will  frequently  conduce  to  the  good  performance  of  an  en- 
gine, to  make  the  action  of  the  resisting  work  unequable,  accom- 
modated to  the  inequalities  of  the  impelling  power.  This  will 
produce*  a  more  uniform  motion  in  machines  in  which  the  mo- 
mentum of  mertia  is  mconsiderable.  There  are  some  beautiful 
specimens  of  this  kind  of  adjustment  in  the  mechanism  of  ani- 
mal bodies. 

18.  It  is  very  customary  to  add  what  is  called  a  Fly  to  ma- 
chines. This  is  a  heavy  disk  or  hoop,  or  other  mass  of  matter 
balanced  on  its  axis,  and  so  connected  with  the  machinery  as  to 
turn  briskly  round  with  it.  This  may  be  done  with  the  view  of 
rendering  the  motion  of  the  whole  more  regular,  notwithstand- 
ing unavoidable  inequalities  of  the  accelerating  forces,  or  of  the 
resistances  occasioned  by  the  work.  It  becomes  a  Reg  l  lator. 
Suppose  the  resistance  extremely  unequal,  and  the  impelling 
power  perfectly  constant;  as  when  a  bucket  wheel  is  employed 
to  work  one  pump.  When  the  piston  has  ended  its  working 
stroke,  ami  while  it  is  going  down  the  barrel,  the  power  of  the 
wheel  being  scarcely  opposed,  it  accelerates  the  whole  machine, 
and  the  pistoQ  arrives  at  the  bottom  of  the  barrel  with  a  consi- 
derable velocity.     But  in  the  rising  again,  the  wheel  is  opposed 

•  The  gudgeons  of  a  water-wheel  should  never  rest  on  ihe  wall  of  the 
building.  It  shakes  it;  and  if  set  up  soon  after  the  building  has  beca 
erected,  it  prevents  the  mortar  fnim  taking  firm  bond;  perhaps  by  shat- 
tering the  calcareous  crystals  as  ihcy  form.  When  ihe  engineer  U  obliged 
to  reit  ihe  gudgeons  in  this  way,  tney  should  be  supported  by  a  block  of 
oak  laid  a  little  hollow.  This  softens  all  tremors,  like  springs  of  a  wheel 
carriage.  This  practice  would  be  very  serviceable  in  many  other  parts  of 
the  conitruction. 
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by  the  column  of  water  now  pressing  on  the  piston.  This  im- 
mediately retards  the  wheel ;  and  when  the  piston  has  reached 
the  top  of  the  barrel,  all  the  acceleration  is  undone,  and  is  to 
begin  again.  The  motion  of  such  a  machine  is  very  hobbling  : 
but  the  superplus  of  accelerating  force  at  the  beginning  of  a  re- 
turning stroke  will  not  make  sucli  a  change  in  the  motion  of  the 
machine  if  we  connect  the  fly  with  it.  For  the  accelerating 
momentum  is  a  determinate  quantity.  Therefore,  if  the  radius 
of  the  fly  be  great,  this  momentum  will  be  attained  by  com- 
municating a  small  angular  motion  to  the  mnehine.  The  mo- 
mentum of  the  fly  is  as  the  square  of  its  radius;  therefore  it  re- 
sists acceleration  in  this  proportion;  and  although  the  overplus 
of  power  generates  the  same  momentum  of  rotation  in  the 
whole  machine  as  before,  it  makes  but  a  small  addition  to  its 
velocity.  If  the  diameter  of  the  fly  be  doubled,  the  augmenta- 
tion of  rotation  will  be  reduced  to  one-fourth.  Thus,  by 
giving  a  raj^id  motion  to  a  small  quantity  of  matter,  the  great 
acceleration  during  the  returning,  stroke  of  the  piston  is  pre- 
vented. This  acceleration  continues,  however,  during  the  whole 
of  the  returning  stroke,  and  at  the  end  of  it  the  machine  has 
acquired  its  greatest  velocity.  Now  the  working  stroke  begins, 
and  the  overplus  of  power  is  at  an  end.  The  machine  ac- 
celerates no  more ;  but  if  the  power  is  just  in  equilibrio  with 
the  resistance,  it  keeps  the  velocity  which  it  has  acquired,  and 
is  still  more  accelerated  during  the  w«fx/  returning  stioke.  But 
now,  at  the  beginning  of  the  subsequent  working  stroke,  there 
is  an  overplus  of  resistance,  and  a  retardation  begius,  and  con- 
tinues during  the  whole  rise  of  the  piston  ;  but  it  is  considerable 
in  comparison  of  what  it  would  have  been  without  the  fly ;  for 
the  fly,  retaining  its  acquired  momentum,  drags  forward  the 
re?t  of  the  machine,  aiding  the  impelling  power  of  the  wheel. 
It  does  this  bv  all  the  communications  taking  into  each  other 
in  the  opposite  direction.  The  teeth  of  the  intervening  wheels 
are  heard  to  drop  from  their  fonner  contact  on  one  side,  to  a 
contact  on  the  other.  By  considering  this  prodfess  with  atten- 
tion, we  easily  perceive  that,  in  a  few  strokes,  the  overplus  of 
power  during  the  returning  stroke  comes  to  be  so  adjusted  to 
the  deficiency  durmg  the  working  stroke,  that  the  accelerations 
and  retardations  exactly  destroy  each  other,  and  pvery  succeeding 
stroke  is  made  with  the  same  velocity,  and  an  equal  number  of 
strokes  is  made  in  every  succeeding  muiute.  Thus  the  machine 
acqun  es  a  general  uniformity  with  periodical  inequalities.  It  is 
plain,  that  by  sufliciently  enlarging  either  the  diameter  or  the 
weight  of  the  dy,  the  iiregularity  of  the  motion  may  be  rendered 
as  small  as  we  please.  It  is  much  bt  iter  to  enlarge  the  diameter. 
This  preserves  the  friction  more  moderate,  and  the  pivot  wear» 
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less.  For  these  reasons,  a  fly  b  in  general  a  considerable  improve- 
ment io  machinery,  by  equalising  many  exertions  that  are  na- 
turally very  irregular.  Thus,  a  man  working  at  a  common 
windlass  exerts  a  vei;y  irregular  pressure  on  the  winch.  In  one 
of  his  positions  in  each  turn  he  can  exert  a  force  of  near  70 
pounds  without  fatigue,  but  in  another  he  cannot  exert  above 
25 ;  nor  must  he  be  loaded  with  much  above  this  in  ffeneral. 
But  if  a  large  fly  be  connected  properly  vidth  the  winduss,  he 
will  act  with  e^ual  ease  and  speed  against  SO  pounds. 

This  regulating  power  of  the  fly  is  without  bounds,  and  may 
be  used  to  render  uniform  a  motion  produced  by  the  most  de- 
sultory and  irregular  power.  It  is  thus  diat  the  most  regular 
motion  is  given  to  mills  that  are  driven  by  a  sinde-stroke  steam 
engine,  where  for  two  or  even  three  seconds  there  is  no  force 
pressing  the  mill  round.  The  communication  is  made  through 
%  massive  fly  of  very  great  diameter,  whirling  with  great  ra- 
pidity. Ai  soon  as  the  impulse  ceases,  the  fly,  contmuing  its 
motion,  urges  round  the  whole  machinery  with  almost  unabated 
•peed.  At  this  instant  all  the  teeth,  and  all  the  joints,  between 
the  fly  and  the  first  mover,  are  heard  to  catch  \u  the  opposite 
direction. 

If  any  permanent  change  should  happen  in  the  impelling 
power,  or  in  the  resistance,  the  fly  makes  no  obstacle  to  its  pro- 
ducing its  full  effect  on  the  machine ;  and  it  will  be  observed  to 
accelerate  or  retard  uniformly,  till  a  new  general  speed  is  ac- 
<](uired  exactly  corresponding  with  this  new  power  and  re- 
iiatance. 

19*  Many  machines  include  in  their  construction  movements 
which  are  equivalent  with  this  intentional  regulator.  A  flour 
mill,  for  example,  cannot  be  better  regulated  than  by  its  mill- 
stone; but  in  the  Albion  mills,  a  heavy  fly  was  added  wiih  great 
propriety  ;  for^if  the  mills  had  been  regulated  by  their  millstones 
only,  then  at  every  change  of  stroke  in  the  steam  engine,  the 
whole  train  of  conmiunicatious  between  the  beam,  which  is  the 
first  mover,  and  the  regulating  millstone,  which  is  the  very  last 
mover,  would  take  in  the  opposite  direction.  Although  each 
drop  in  the  teeth  and  joints  be  but  a  trifle,  the  whole,  added 
together,  would  make  a  considerable  jolt  This  is  avoided  by  a 
regulator  immediately  adjoining  to  the  beam.  This  continusllj 
presses  the  working  machinery  in  one  direction.  So  judiciously 
were  the  movements  of  that  noble  machine  contrived,  and  so 
nicely  were  they  executed,  that  not  the  least  noise  was  heard, 
nor  the  slightest  tremor  felt  in  the  building. 

20.  Mr.  Valour's  beautiful  pile  engine  employed  at  West- 
minster Bridge  is  another  remarkable  instance  of  the  regulating 
power  of  a  fly.     When  the  ram  is  dropped,  and  its  follower 
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disengaged  immediatelj  after  it,  thfe  horses  would  instaotljr 
tomble  down,  because  the  load,  against  ^vhich  they  bad  been 
straining  hard,  is  at  once  taken  off;  but  the  gin  is  connected 
with  a  very  large  fly,  which  checks  any  remarkable  acceleration^ 
allowing  die  horses  to  lean  on  it  during  the  descent  of  the  load; 
after  which  their  draught  recommences  immediately.  The 
apindleSy  cards,  and  bobbins,  of  a  cotton  mill,  are  also  a  sort  of 
flies.  Indeed  all  bulky  machines  of  the  rotative  kind  tend  to 
preserve  their  motion  with  some  degree  of  steadiness,  and  their 
^reat  momentum  of  inertia  is  as  useful  in  this  respect  as  it 
IS  prejudicial  to  the  acceleration  or  any  reciprocation  when 
wanted. 

21.  There  is  anotfier  kind  of  regulating  fly,  consisting  of 
wmgs  whirled  briskly  round  till  the  resistance  of  Uie  air  prevoats 
any  great  acceleration.  This  is  a  very  bad  on«  for  a  waking 
machine,  for  it  produces  its  effect  by  retdljf  wastvtg  a  part  of  the 
moving  power.  Frequently  it  employs  a  very  great  and  un- 
known part  of  it,  and  robs  die  proprietor  of  much  work.  It 
should  never  be  introduced  into  any  machine  employed  in  ma* 
mifoctures. 

22.  Some  rare  cases  occur  where  a  very  different  regulator  is 
required :  where  a  certam  determined  velocity  is  found  necessary. 
In  this  case  the  machine  is  furnished,  at  its  eitreme  mover,  with 
a  conical  p^idulum,  consistingof  two  heavy  balls  hanging  by  rods, 
which  move  in  very  nice  and  steady  joints  at  the  top  of  a  vertical 
axis.  It  is  well  known,  that  when  this  axis  turns  round,  with 
an  angular  velocity  suited  to  the  lei>g^  of  those  pendulums,  the 
time  of  a  revolution  is  determined.  Thus,  if  the  length  ^of  each 
pendulum  be  391  inches,  the  axis  will  make  a  revolution  in  two 
seconds  very  nearly.  If  we  attempt  to  force  it  more  swiftly 
round,  the  balk  will  recede  a  little  from  the  axis,  but  it  employs 
as  long  time  for  a  revolution  as  before ;  and  we  cannot  make  it 
turn  swifter,  unless  the  impelling  power  be  increased  beyond  all 
probability :  in  which  case  the  pendulum  will  fly  o«t  from  the 
centre  till  the  rods  are  horizontal,  after  which  every  increase  of 

Ewer  will  accderate  the  machine  very  sensibly.  Watt  ancl 
»ulton  have  applied  thb  contiivance  with  great  ingenuity  to^ 
their  steam  engines,  when  they  are  employed  for  driving  ma* 
chinery  for  manufactures  which  have  a  very  changeable  resisl- 
aQce,  and  where  a  certain  speed  cannot  be  much  departed  from 
without  ^at  inconvenience.  They  hayeconnected  this  recess  ^ 
of  the  bdls  from  the  axis  (which  g[ives  immediate  indication  of 
an  increase  of  power  or  a  diminution  of  resistance)  with  the 
cock  which  admits  the  steam  to  the  working  cylinder.  The 
balls  flying  out  cause  the  cocic  to  close  a  little,  and  diminisk 
the  supidy  of  steam.    The  impdling  power  diminishes  the  next 
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moment^  and  tbe  balls  again  approach  die  axis,  and  the'  rota^ 
tion  goes  on  as  before,  although  there  may  have  occurred  a  very 
great  excess  or  deficiency  of  power.     See  Govern  or. 

S3.  A  fly  is  sometimes  employed  for  a  very  different  purpose 
from  that  of  a  regulator  of  motion^ — it  is  employed  as  a  collector 
of  power.  Suppose  all  resistance  moved  from  the  working  point 
of  a  machine  furnished  with  a  very  large  or  heavy  fly  imme- 
diately connected  with  the  working  point.  When  a  small  force 
is  applied  to  the  impelled  point  of  this  machine,  motion  will 
begin  in  Che  machine,  and  the  fly  begin  to  turn.  Continue  to 
press  uniformly,  and  the  machine  will  acceherate.  This  may  be 
continued  till  the  fly  has  acquired  a  very  rapid  motion.  If  at 
this  moment  a  resisting  body  be  applied  to  the  working  point,  it 
will  be  acted  on  with  very  great  force ;  for  the  fly  has  now  ac- 
cumulated in  its  circumference  a  very  great  momentum.  If  a 
body  were  exposed  immediately  to  the  action  of  this  circum- 
ference, it  would  be  violently  struck.  Much  more  will  it  be  so, 
if  the  body  be  exposed  to  the  action  of  the  working  point,  which 
perhaps  makes  one  turn  while  the  fly  makes  a  hundred.  It  will 
exert  a  hundred  times  more  force  there  (very  nearly)  than  at  its 
own  circumference.  All  the  motion  which  has-been  accu- 
mulated on  the  fly  during  the  whole  progress  of  its  acceleration 
is  exerted  in  an  instant  at  the  working  point,  multiplied  by  the 
momentum  depending  on  the  proportion  of  the  parts  of  thema^ 
cliine.  It  is  thus  that  the  coining  press  performs  its  oflSce  ;  nay, 
it  is  thus  that  the  blacksmith  forges  a  bar  of  iron.  Swinging  the 
great  sledge  hammer  round  his  head,  and  urging  it  with  force 
the  whole  way,  this  accumulated  motion  is  at  once  extinguished 
by  impact  on  the  iron.  It  is  thus  also  we  drive  a  nail,  &c.  Tliis 
accumulating  power  of  a  fly  has  occasioned  many  to  imagine 
that  a  fly  really  adds  power  or  mechanical  force  to  an  engine ; 
and,  not  understanding  on  what  its  efficacy  depends,  they 
often  place  the  fly  in  a  situation  where  it  onfy  adds  a  useles^s 
burden  to  the  machine.  It  should  always  be  made  to  move 
with  rapidity.  If  intended  for  a  mere  regulator,  it  should  be 
near  the  first  mover  :  and  if  it  be  intended  to  accumulate  force 
in  the  working  point,  it  should  not  be  far  separated  from  it. 
I«  a  certain  sense,  a  -fly  may  be  said  to  add  power  to  a  ma- 
chine, because  by  accumulating  into  the  exertion  of  one  moment 
the  exertions  of  many,  we  can  sometimes  overcome  an  obstacle 
that  we  never  could  have  balanced  by  the  same  machine  un- 
aided by  the  fly.  And  it  is  this  accumulation  of  force  which 
gives  such  an  appearance  of  power  to  some  of  our  first 
movers."  (See  Supplement ^  Encyclopedia  Britan.  art.  Ma- 
chinerj/.) 

24.  From  these  observations  it  is  easy  to  pass  to  the  con- 
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fltmction  of  elementary  aiachiiies :  and  it  wilt  be  advantageous 
to  the  joung  mechanist  to  see  several  of  them  collected  into 
one  point  of  view.  For  this  purpose  we  have  exhibited  in  plates 
XXXVIII.  and  XXXIX.  (extracted  from  M.  Hachette's  in- 
genious  Traite  Elementaire  des  Machines,)  ten  distinct  series 
of  simple  machines,  contrived  for  the  purpose  of  changing  or 
modifying  motion.  Thus  the  1st  series  exhibits  different  me- 
thods of  changing  the  direction  of  continued  rectilinear  motion. 
The  2d  relates  to  the  conversion  of  continued  rectilinear,  to 
alternating  rectilinear  motion^  and^so  on;  the  whole  being 
readily  classed  thus. 


Series. 

1 

5 

2 

3 

16 

4 

5 

5 

22 

6 

11 

7 

17 

8 

9 

10 

1  10 

5 

ConTenioD  of 


Continued  rectilinear 
Continued  rectilinear 
Continued  rectilinear 
CoQtiaued  rectilinear 
Continued  circular 
Continued  circular 
Continued  circular 
Alternating  rectilinear 
Alternating  rectilinear 
Alternating  circular 


Into 


Continued  rectilinear 
Alternating  rectilinear 
Continued  circular 
Alternating  circular 
Alternating  rectilinear 
Continued  circular 
Alternating  circular 
Alternating  rectilinear 
Alternating  circular 
Alternating  circular 


The  construction  of  most  of  these  machines  will  be  evident 
from  the  respective  diagrams.  Others  will  be  explained  in  the 
course  of  the  present  volume.  We  apprehend  it  would  be 
highly  useful  for  such  persons  as  are  beginning  to  exercise 
themselves  in  the  construction  of  complex  machines,  to  have  the 
substance  of  these  ten  series  drawn  upon  a  large  sheet  of  paste- 
board, with  spare  compartments  to  be  occupied  by  new.  con« 
trivances  in  any  one  class,  as  they  occur.  Casting  the  eye  over 
the  whole  would  frequently  suggest  an  ingenious  and  beneficial 
combination. 

On  Friction^  and  the  Stiffness  of  Ropes. 

25.  Most  of  the  propositions  laid  down  in  the  first  volume  of 
this  work  have  been  conducted  upon  the  supposition  that  all, 
bodies  are  perfectly  smooth,  that  they  slide  over  one  another 
without  any  friction,  and  that  cords  and  ropes  are  perfectly 
flexible.  But  since  there  is  no  such  thing  as  perfect  smoothness 
in  bodies,  no  machine  can  move  without  a  mutual  rubbing  of 
its  parts^  at  all  points  of  communication ;  and  when  we  con^ 
^er  the  mode  of  operation  of  the  teeth  of  wheel  work,  the 
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wipers  and  lifts,  the  gudgeons  of  the  different  izes,  &e.  Wft 
shall  see  that  frictioUy^  hy  which  we  mean  the  resistance  a  bedy 
meets  with  from  the  surface  on  which  it  moYes,  baa  coa^dei^ 
able  effect  in  retarding  the  motion  of  machinea,  or  gives  oc-^ 
casion  for  the  exertion  of  much  more  power  inimler  that  the 
machine  may  move  with  the  requisite  velocity.  Indeed  in  many 
machines,  as  poUsiiing  mills,  grinding  miUs^  boring  and  sawing 
mills,  the  ultimate  task  performed  is  either  friction  or  Tety 
much  resembles  it.  So  that  some  knowledge  of  the  nature  of 
friction  seems  absolutely  necjpasary,  to  enable  us  to  apply  the 
principles  of  tlie  simple  theory  to  any  useful  practical  purpose* 
Much  attention  has,  therefore,  been  paid  to  this  subject  by 
many  ingenious  men ;  but  as  yet  their  labours  have  not  greatfy 
added  to  the  stock  of  knowledge  as  to  the  real  nature  of 
friction :  and  although  some  ingenious  theories  have  been  de- 
duced from  the  experiments  which  have  already  been  made,r 
they  rest  upon  very  limited  hypotheses,  and  are  of  little,  if  any, 
actual  utility.  This  being  our  opinion,  the  reader  will  not  ex- 
pect a  minute  exposition  of  the  theory  in  this  place.  We  shall 
merely  present  a  single  proposition,  which  tends  to  an  obvious. 

Sractical  purpose,  and  does  not  require  the  admission  of  more 
lan  one  new  principle,  viz.  that  the  friction  varies  nearly  a^ 
ihepressure. 

Pkop.  -4  power  which  moves  a  body  alom  a  horizontal 
plane,  acts  tvith  the  greatest  advantage  wlien  the  line  ofdirec-- 
tion  makes  an  angle  of  about  ISi""  with  the  plane.  Let  b  (fig. 
2.  pi*  I.)  be  the  body  whicB  is  to  be  moved  along  the  horizontal 
plane  Bc,  by  a  given  power  estimated  in  quantity  and  directioa 
by  BA.  Demit  the  perpendicular  ac  :  and  let  the  given  line 
AB=:  I  =  radius,  ac=:  sin  abc=:x,  bc=  i/  (1  —  a'*)  =  theforcei 
moving  the  body  horizontally.  The  power  hy  its  oblique  action 
dimini?»hes  the  pressure  of  the  weight  on  the  horizontal  plane  in 
the  ratio  of  i  :  a:,  therefore  bjt  =  that  part  of  the  pressure  which 
is  taken  off,  and  the  actual  pressure  =  n  ^  bjt.     Let  friction  be 

=:  ~th  part  of  the  weight  or  pressure :  that  is>  let  it  be  =s~  B' 

—  ^  BJT.  Then  the  force  requisite  to  move  b  borizontally  most' 
be  equal  to  the  horizontal  force  dimimsbed  by  friction,  or  = 
B  (l— «*)  —  — B  +  — Bx.  This  b  to  be  a  niinimim,or  its  fluxion 

—  B;r— -; — -- =0:  hence  we  find  r  =:,--!r-trT  =  8in«  of  *€* 
angle  abc.  And  if,  as  has  been  concluded  from  many  e)i:j>eri* 
ments,  -^  s<]*  then  will  *=  vio"^  ™^  of  18*  26^  nearly. 
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If  the  plane  along  Mrfaich  die  body  is  to  be  moved  be  irw 
clined  to  the  hornoD,  the  sine  of  the  angle  which  the  tine  of  di- 
recdon  or  traction  of  the  power  makes  ^ith  the  plane,  whe»  it 

acts  with  the  greatest  advantage,  will  be  nearly  ==^^f  c  being 

the  co^ne  of  the  angle  5f  elevation  to  radius  =  unity. 

26.  The  principle  assumed  in  the  investigation  above  is^  how- 
ever, by  no  means  general  in  its  application ;  as  there  are  many 
circumstances  which  modify  the  operation  of  friction,  and  cause 
deviations  from  this  law.  These  circumstances  will  be  best 
learnt  by  reflecting  upon  some  of  the  experiments  which  have 
been  made  relative  to  the  friction  of  bodies  in  motion.  Of 
such  experiments  we  shall  first  describe  those  of  Mr.  Professor 
Vince,  which  were  conducted  with  great  care  and  ingenuity,  ^nd 
led  to  Sonne  important  results.  The  object  of  this  philosopher 
was  to  determine  the  following  questions : 

1 .  Whether  friction  be  a  imiformly  retarding  force  i 

2.  What  is  the  quantity  of  friction  ? 

S.  Whether  the  friction  varies  in  proportion  to  the  pressure 
or  weight  ? 

4.  Whether  the  friction  be  the  same  on  whichever  of  its  sur- 
faces a  body  moves  i 

(1.)  With  respect  to  the  first  of  these  questions,  the  anthor 
truly  observes,  that  if  friction  be  a  uniform  force,  the  difference 
between  it  and  the  given  force  of  the  moving  power  employed  to 
overcome  it  must  also  be  uniform;  and  that  therefore  the  mpvii^ 
power,  if  it  be  a  body  descending  by  its  own  weight,  must  de^ 
scend  with  a  uniformly  accelerated  velocity,  just  as  when  there 
was  no  friction.  The  spaces  described  from  tlie  beginning  of 
the  motion  will  indeed  be  diminished  in  any  given  lime  on  jm:- 
count  of  the  fricdon ;  but  still  they  must  be  to  each  other  as  the 
squares  of  the  times  employed. 

.  (2.)  A  plane  vraa  therefore  adjusted  parallel  to  the  horizon, 
at  the  extremity  of  which  was  placed  a  pulley,  which  could  be 
elevated  or  depressed,  in  order  to  render  the  string  which  con- 
nected the  body  and  die  moving  force  parallel  to  the  plane.  A 
scale  accurately  divided  was  placed  by  the  aide  of  the  pulley 
perpendicular  to  the  horizoo,  by  the  side  of  which  the  moving 
force  descended ;  upon  the  scale  was  placed  a  moveable  stage, 
which  ciott}4  he  adjusted  to  the  space  through  which  die  moving 
force  destended  in  any  given  dme;  which  time  was  measured 
by  a  well-regulated  pendulum  clock  vibrating  seconds.  Every 
thing  being  &us  prepared,  the  following  experiments  were  made 
•to  ascertain  the  kw  of  friction. 

(8.)  £Mf.  I.  A  body  was  placed  upon  the  horiatontal  pllan^ 
«nd  a  moving  force  applied,  which,  from  repeated  trials^  w^s 
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found  to  descend  621  inched  in  4^^;  for  by  the  beat  of  th^  clock, 
and  the  sound  of  the  moving  force  when  it  arrived  at  the  stage, 
the  space  could  be  very  accurately  adjusted  to  the  time :  Ui# 
stage  was  then  removed  to  that  point  to  which  the  moving  force 
^'ould  descend  in  3",  upon  supposition^  that  the  spaces  de- 
scribed by  the  moving  power  were  as  the  squares  of  the  times ; 
and  the  space  was  found  to  agree  very  accurately  with  the 
time :  the  stage  was  then  removed  to  that  point  to  which  th« 
moving  force  ought  to  descend  in  ^\  upon  the  same  supposition, 
and  the  descent  was  found  to  agree  exactly  with  the  time: 
lastly,  the  stage  was  adjusted  to  tliat  point  to  which  the  moving 
force  ought  to  descend  in  l^\  upon  the  same  supposition,  and 
the  space  was  observed  to  agree  with  the  time.  Jfow,  in 
order  to  find  whether  a  difference  in  the  time  of  descent  could 
be  observed  by  removing  the  sta^e  a  little  above  and  below  the 
positions  which  corresponded  to  tne  above  times,  the  experiment 
was  tried,  and  die  descent  was  always  found  too  soon  in  the 
former,  and  too  late  in  the  latter  case ;  by  which  the  author 
was  assured,  that  the  spaces  first  mentioned  corresponded  exactly 
to  the  times.  And,  for  the  greater  certainty,  each  descent  was 
repeated  eight  or  ten  times ;  and  every  caution  used  in  this  ex- 
periment was  also  made  use  of  in  all  the  following* 

Exp.  2.  A  second  body  was  laid  upon  the  horizontal  plane,, 
and  a  moving  force  applied  which  descended  41  ^  inches  in  8'^ ; 
the  stage  was  then  adjusted  to  the  space  corresponding  to  2'\ 
upon  supposition  diat  the  spaces  descended  through  were  as  the 
squares  of  the  times,  and  it  was  found  to  agree  accurately  with 
the  tihie ;  the  stage  was  then  adjusted  to  the  space  correspond- 
ing to  V,  upon  the  same  supposition,  and  it  was  found  to  agree 
with  the  time. 

Exj>.  8.  A  third  body  was  laid  upon  the  horizoatal  pkne,  and 
a  moving  force  applied,  which  descended  59|  inches  m  4*^ ;  the 
stage  was  then  adjnsted  to  the  space  corresponding  to  3'^  upon 
supposition  that  the  spaces  descended  through  were  as  the  squares 
of  the  times,  and  it  was  found  to  agree  with  tlie  time ;  the  stage 
was  then  adjusted  to  the  space  corresponding  to  2^\  upon  the 
same  supposition,  and  it  was  found  to  agree  with  the  time;  the 
stage  was  then  adjusted  to  the  space  corresponding  to  i^\  and 
was  found  to  agree  with  the  time. 

Erp.  4.  A  fourth  body  was  then  taken  and  laid  upon  the  ho- 
rizontal plane,  and  a  moving  force  applied,  which  descended 
55  inches  in  V^;  the  stage  was  then  adjusted  to  the  space 
through  which  it  ought  to  descend  m  3^^,  upon  supposition  that 
the  spaces  descended  through  were  as  the  squares  of  the  timea, 
and  it  was  found  to  agree  with  the  time;  the  stage  was  then 
adjusted  to  the  space  corresponding  to  2'\  jupon  the  same  supr 
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porition,  %%A  was  found  to  agree  with  the  time;  )aatly,  the  stage 
was  adjusted  to  the  space  correspoDding  to  i'^^  and  it  was  found 
to  agree  exoctlj  with  the  time. 

Besides  these  experiments^  a  great  number  of  odiers  were 
made  with  hard  bodies,  or  those  whose  parts  so  firmly  cohered 
as  not  to  be  moved  inter  se  by  die  friction ;  and  in  each  expe- 
rimenty  bodies  of  very  different  degrees  of  friction  were  chosen, 
and  the  results  all  agreed  with  those  related  above;  it  was 
therefore  concluded^  that  thefrictiqn  of  hard  bodies  in  motion 
is  a  uniformly  retarding  force. 

But  to  deterQiine  whether  the  same  was  true  for  bodies  when 
covered  with  cloth,  woollen,  &c.  experiments  were  made  in 
order  to  ascertain  it ;  when  it  was  found  in  all  cases,  that  the 
retarding  forcie  increased  with  the  velocity ;  but,  upon  covering 
bodies  with  paper,  the  consequences  were  found  to  agree  with 
those  related  above. 

(4.)  Having  proved  that  the  retarding  force  of  all  hard  bodies 
arising  from  friction  is  uniform,  the  Quantity  of  friction,  con- 
sidered as  Equivalent  to  a  weight  without  inertia  drawing  the 
body  on  the  horizontal  plane  backwards,  or  acting  contrary  to 
the  moving  force,  may  be  immediately  deduced  from  the  foregoing 
experiments.  For  let  m  =  the  moving  force  expressed  by  its 
weight ;  F  =r  the  friction ;  w  =  the  weight  of  the  body  upon  the 
horizontal  plane ;  s  =  the  space  through  which  the  moving  force 
descended  in  the  time  t  expressed  in  seconds;  r  =  16-^  feet; 
then  the  whole  accelerative  force  (the  force  of  gravity  being 

unity)  wUl  be  — ^—  ;  hence,  by  the  laws  of  uniformly  accele- 

rated  motions,  — — -X  r/'=s,  consequently  f=m—  ^ p — 

To  exemplify  this,  let  us  take  the  case  of  the  last  experiment, 
where  m=7,  w=i25|-,  s  =  4^  feet,  t=^4," \  hence  f  =  7  -» 

j^- — p?  =  6*417  ;  consequently  the  friction  was  to  the  weighs 

of  the  rubbing  body  as  6*4167  to  25'75.  And  the  great  ac- 
curacy of  determining  the  friction  by  diis  method  is  manifest 
from  hence,  that  if  an  error  of  1  inch  had  been  made  in  the 
descent  (and  experiments  carefully  made  may  always  determine 
the  space  to  a  much  greater  exactness)  it  would  not  have  af- 
fected the  conclusion  tU  part  of  the  whole, 

(5.)  We  come  in  the  next  place  to  determine,  whether  fric- 
tion, Citteris  paribus,  varies  in  proportion  to  the  weight  or  presi- 
sure.  Now  if  the  whole  quantity  of  the  friction  of  a  body, 
measured  by  a  weight  without  inertia  equivalent  to  the  friction 
drawing  the  body  backwards,  increases  in  proportion  to  its 
we^ht,  it  is  manifest,  that  the  retardation  of  Uie  velocity  of  the 


Digitized  by 


Google 


SS  MJ5CHANICS. 

body  arisbg  from  tbe  friction  wiU  not  be  altered ;  Cor  ike  ta^- 
tardtttion  varies  as     '**"  ^  ^ —       .  hence,  if  a  body  be  put  in 

Qamntity  of  nnfttter.  '  '  J         r 

motion  upon  the  horiiontal  plane  by  any  moving  force,  if  both 
tbe  weight  of  the  body  and  the  moving  force  be  increaieii  iti: 
the  same  ratio,  the  acceleration  arising  from  that  moving  fbroe 
will  remain  the  same,  because  the  accekrative  force  varies  esi 
the  moving  force  divided  by  the  whole  quantity  of  matter,  and 
both  are  increased  in  the  same  ratio ;  and  if  the  quantity  of 
friction   increases  also  as  the  weight,    then   the   retardation 
arising  from  tlie  friction  will,  from  what  has  been  said,  remain 
the  same,  and  therefore  the  whole  acceleration  of  the  body  wilL 
not  be  alt(,Hred ;  coiisequendy  the  body  ought,  upon  this  suppo-- 
sition,  still  to  describe  the  same  space  in  tlie  same  time.  Hence^ 
by  observing;;  tbe  spaces  described  in  the  tsame  time,  when  both 
the  body  and  the  moving  force  are  increased  in  tbe  same  ratio, 
we  may  determine  whether  the  friction  increases  in  proportion 
to  the  weight.     The  following  experiments  were  therefeim 
made  in  ord^r  to  ascertain  thb  matter. 

£ap.  1.  A  body  weighing  10  oz.  by  a  moving  force  of  4oz. 
described  in  2^'  a  space  of  51  inches;  by  loading  the  body  with 

10  oz,  and  the  moving  force  with  4oz.  it  described  66  inchea 
in  3^^;  and  by  loading  the  body  again  with  10  oz.  and  the 
moving  force  with  4  oz.  it  described  63  inches  in  2^^ 

Exp.  2.  A  body  whose  weight  was  16  oz.  by  a  moving  force 
of  5oz.  deacribed  a  space  of  49  inches  in  3'';  and  by  loadiag 

die  body  M'ith  64  oz;  and  the  moving  force  with  20  oz.  the  space 

described  in  the  same  time  u  as  64  inches. 

-Exp.  i).  A  body  weighmg  Goz.  by  a  moving  force  of  S:J  oz.. 

described  28  inches  in  2'^;  and  by  loading  the  body  with  24oz. 

and  the  moving  force  with  10  oz.  the  space  described  in  the 

same  time' was  54  inches. 

Exp.  4.  A  body  weighing  8  oz.  by  a  moving  force  of  4o«. 

described  33  J  inches  in  2'';  and  by  loading  the  body  uiih  8  oz. 

and  tbe  moving  force  with  4  oz.  the  space  described  in  the 

same  time  whs  47  inches. 

Exp,  S.  A  body  whose  ^\ eight  was  9  oz.  by  a  moving  force 

of  4ii  oz.  described  48  inches  hi  2''';  and  •by  loading  the  body 

with  9  OA,  and  the  moving  force  with  4^  oz,  Uie  space  described 

in  the  same  time  was  60  hiches. 

Exp.  6,   A  body  weighing    10  oz.  by   a   moving  force  of 

3  oz.  described  20  inches  in  2'';  by  loading  the  boily  with  10 

oz,  and  the  moving  force  with  3  oz.  the  space  described  in  the 

aame  time  wa«  ^i  inches;  and  by  loading  the  body  again  with 

SO  oz.  and  tbe  moving  force  witli  9  oz.  Uio  space  described  was 

d4  inches  iaS"'. 
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Frooi  diese  eiparioMUBy  and  maoy  odiers  wbich  it  it  sot  fie* 
cessiry  here  to  relate^  it  appears,  diat'  the  space  described  is 
•Iwajs  iocreased  bjjr  increasiiig  the  weight  of  the  body  and  the 
aoc»ieniti«e  force  m  the  sajne  nrtio;  and  as  the  acceteratioii 
aiiaiBK  fironi  the  moving  force  continued  the  same,  it  is  mantfest, 
ikitdie  retandetion  ansiog  from  the  friction  must  have  been 
dfaonisbed^  for  the  whole  accelerative  force  nust  have  been 
incieaatd  cm  account  of  the  increase  of  the  space  described  in 
the  saane  Ikne ;  and  hence  (as  the  retardation  from  friction 

QaiDtitT  of  frictiottX     >  .         /.y  .    .       . 

vanes  as  ^^S^~T^/  '^^  quantity  of  friction  increases  in  a 

km  rmtio  than  the  quantiiw  {^matter  or  might  of  the  boA/. 

<6.)  We  come  now  to  ihe  last  thing  which  it  was  proposed  to 
4leCermine,  that  is,  whether  the  friction  varies  bj  varying  the 
fvfmoe  on  which  the  body  moves«  Let  us  call  two  of  the 
euiftces  k  and  a,  At  former  being  the  greater,  and  the  latter  the 
leas.  Now  the  weight  on  every  given  part  of  a  is  ^s  much 
greater  than  the  weight  on  an  equal  part  of  A,  asjA  is  greater 
then  a ;  if  therefore  the  friction  was  in  proportion  to  the 
wm^aty  atterit  pembm,  it  is  manifest,  that  the  friction  on  a 
wromd  be  equal  to  the  friction  on  a,  the  whole  friction  being, 
upon  siidi  aeupposition,  as  the  weight  on  any  given  part  of  each 
iviface  rndtipbed  imo  the  number  of  such  parts,  or  into  the 
whole  area,  whicfa  products,  from  the  proportion  above,  are 
^tpoL  Botfiwm  the  last  experiments  it  has  been  proved,  that 
the  friction  on  any  given  surface  increases  in  a  less  ratio  than  die 
weight;  consequently  the  friction  on  any  given  part  of  a  has  a 
less  ratio  to  tlie  friction  on  an  equal  part  of  a  than  A  has  to  a'; 
and  hence  the  friction  on  a  is  less  than  the  friction  on  A,  that  is, 
die  sAiaHest  surface  has  always  the  least  friction. 

As  this  conclusion  is  contrary  to  the  generally  received  opi* 
oion,  Mr.  Vince  thought  it  proper  to  confirm  it  by  a  set  of  ex- 
periments made  with  liferent  bodies  of  exactly  the  same  degree 
of  rottghnesa  on  their  two  surfaces. 

Exp.  I.  A  body  was  taken  whose  flat  surface  was  to  its  edge 
as  22 : 9,  and  with  the  same  moving  foree  the  body  described  on 
ha  flat  side  33^  inches  in  9f\  and  on  its  edge  47  inches  in  the 
tame  time. 

^xp,  2.  A  second  body  was  taken  vrhose  flat  surface  was  to 
its  edge  as  S2 :  3,  and  with  the  same  moving  force  it  described 
on  its  flat  side  32  inches  in  2^\  and  on  its  edge  it  described  37 i 
ku^s  in  the  same  time. 

Exp.  3.  He  took  another  body  and  covered  one  of  its  sur* 
flices,  whose  length  was  9  inches,  with  a  fine  rough  paper,  and 
br  applying  a*  moving  force,  it  described  25  inches  in  2^^;  he 
facA  to<A  OT  some  piper  from  the  mtddlci  leafing  only  fof  ao 
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indiat  the  two  endty  and  with  the  same  moving  force  it  de« 
fcribed  40  inches  in  th«  same  time. 

Exp.  4.  Another  body  was  taken  which  had  one  of  its  sur** 
faces,  whose  length  was  9  inches,  covered  with  a  fine  rougk 
paper,  and  by  applying  a  moving  force  it  described  42  inches 
m  2^^ ;  some  of  the  paper  was  then  taken  off  from  the  middle, 
leaving  only  H  inches  at  the  two  ends,  and  with  the  same 
moving  force  it  described  54  inches  in  2^^;  he  then  took  off 
more  paper,  leavmg  only  ^  of  an  inch  at  the  two  ends,  and  the 
body  then  described,  by  the  same  moving  force,  60  inches  in  the 
same  time. 

In  the  two  last  experiments  the  paper  which  was  taken  xxS 
the  surface  was  laid  on  the  body,  that  its  weight  might  not  be 
altered. 

.  Exp.  5.  A  body  was  tak^n  whose  flat  surface  was  to  its  edge 
as  30  :  17 ;  the  Jiat  side  was  laid  upon  the  horizontal  plane,  a 
moving  force  was  applied,  and  the  stage  was  fixed  in  order  to 
stop  the  moving  force,  in  consequence  of  which  the  body 
would  then  go  on  with  the  velocity  acquired  until  the  fric-* 
tion  had  destroyed  all  its  motion ;  when  it  appeared  from  a 
mean  of  12  trials  that  the  body  moved,  after  its  acceleratioo 
ceased,  .5|  inches  before  it  stopped.  The  edge  was  then  applied, 
and  the  moving  force  descended  through  the  same  space ;  and 
it  was  found,  from  a  mean  of  the  same  number  of  trials,  that 
the  space  described  was  l-f  in<^hes  before  the  body  lost  all  ita 
motion,  after  it  had  ceased  to  be  accelerated. 

Exp.  6.  Another  body  was  then  taken  whose  flat  suriieice 
was  to  its  edge  as  60 :  19,  and  by  proceeding  as  before,  on  the 
flat  surface  it  described,  at  a  mean  of.  12  trials,  5|  inches,  and 
on  the  -edge  6ij  inches,  before  it  stopped,  after  the  acceleratioa 
ceased. 

Exp.  7.  Another  body  was  taken  whose  flat  surface  was  to 
its  edge  as  26  :S,  and  the  spaces  described  on  these  two  surfaces, 
after  the  acceleration  ended,  were,  at  a  mean  of  ten  trials,  4f 
and  7-^  inches  respectively. 

From  all  these  different  experiments  it  appears,  that  the 
smallest  surface  had  always  the  least  friction,  which  agrees  with 
the  consequence  deduced  from  tjie  consideration  that  the  friction 
does  not  increase  in  so  great  a  ratio  as  the  weight ;  we  may 
therefore  conclude,  that  the  friction  of  a  body  does  not  continue 
the  same  when  it  has  different  surfaces  appited  to  the  plane  on 
which  it  moves,  but  that  the  smallest  surface  will  have  the  least 
friction. 

To  the  experiments  instituted  by  Mr.  Ferguson  and  others, 
from  which  conclusions  have  been  drawn  so  different  from 
^bese,  this  author  makes  the  following  objections ;  It  was  their 
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•ligectta'fiiid  wlmt  moving  force  would /tu^  put  a  bo^y  at  rest 
in  motion ;  and  having,  as  they  thought,  found  it,  they  thence 
concluded;  that  the  acceierative  force  was  then  equal  to  the 
inction«  But  it  is  manifest,  as  Mr.  Vince  observes,  that  any 
force  which  vrill  put  a  body  in  motion  must  be  greater  than  the 
force  which  opposes  its  motion,  otherwise  it  could  not  over«; 
come  k  ;  and  hence,  if  there  were  no  other  objection  than  this, 
it  is  evident,  thai  the  friction  could  not  be  very  accurately  ob- 
tained :  but  there  is  another  objection  which  totally  destroys 
the  experiment  so  far  as  it  tends  to  shew  the  quantity  of  friction, 
which  is  the  strong  cohesion  of  the  body  to  the  plane  when  it 
lies  at  rest;  and  this  is  confirmed  by  the  following  experiments. 
1st,  A  body  of  ISj-oz.  was  laid  upon  an  horizontal  plane,  and 
then  loaded  with  a  weight  of  8lb.  and  such  a  moving  force  was 
applied  as  would,  when  the  body  vras  just  pui  in  motion,  con- 
tinue that  motion  without  any  acceleratioa;  in  which  case  the 
ftidion  must  be  just  eqaal  to  the  acceierative  force.  The  body 
vmB  then  stopped,  ^i  hen  it  appeared,  that  the  same  moving  force 
which  had  kept  the  body  in  motion  before  would  not  put  it  in 
motion,  and  it  was  found  necessary  to  take  off  4}  oz.  from  the 
body  before  tbe  same  moving  force  wouid  put  it  in  motion; 
it  appears,  ttierefore,  that  this  body,  when  laid  upon  the 
plane  at  reit,  acouired  a  very  strong  cohesion  to  it.  2dly,  A 
body  whose  weight  was  h6  oz.  was  laid  at  rest  upon  the  hori- 
zontal  plane,  and  it  was  found  that  a  moving  force  of  6oz. 
woidd  just  pt^  it  in  motion;  but  that  a  moving  force  of  4oz. 
womid,  when  it  was  just  put  in  motion,  cotUinue  that  motion 
without  any  acceleration,  and  therefore  the  acceierative  force 
most  then  have  been  equal  to  the  friction,  and  not  when  the 
moving  force  of  6oz.  was  applied. 

From  these  experiments  therefore  it  appear^,  how  very  con- 
siderable the  cohesion  was  in  proportion  to  the  friction  wheu 
the  body  was  in  motion ;  it  being,  in  the  latter  case,  almost  -f, 
and  in  the  former  it  was  found  to  be  very  nearly  equal  to  the 
whole  friction.  All  the  conclusions  therefore  deduced  from 
the  experiments^  which  have  been  instituted  to  determine  the 
friction  from  the  force  necessary  to  put  a  body  in  motion  (and 
very  few  have  been  described  but  upon  such  a  principle,)  have 
manifestly  been  totally  false ;  as  /such  experiments  only  shew 
the  resistance  which  arises  from  the  cohesion  and  friction  con<* 
jointly. 

Mr.  Vince  concludes  this'  part  of  the  subject  with  a  remark 
upon  art.  5.  '^  It  appears  (says  he)  from  all^the  experiments 
which  I  have  made,  that  the  proportion  of  tbe  increase  of  the 
fri^tioo  to  the  increase  of  the  weight  was  different  in  all  the 
different  bodies  which  were  made  useof ;  no  general  nde  thera^ 
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fare  can  be  estaUtsfaed  to  detenniiie  ibii  for  o/ZfeodiBs^  tad  tba 
^peiimeiitB  which  I  btTe  hilberto  made  have  not  been  asfli* 
cient  to  determine  k  for  die  $ame  body." 

Such  are  the  results  of  Mr.  Vince's  ingenious  ezpeiifliieiita» 
He  founds  upon  tliem  a  theory  which  the  curious  reader  OMiy 
peruse  in  the  Phihsophicat  TransactioHSy  VoL  75.  or  No&  6^. 
%6.  of  TillocKs  Philosophical  Magazine^  but  which  is  not  inr 
serled  here,  as  it  does  not  seem  readily  applicable  Id  any  praa» 
lical  cases. 

27.  An  ingenious  engineer,  Mr.  John  Southern  of  ISm^ 
Buaf^iam,  made  a  aeries  of  experiments  upon  mHls  nsed  for 
turning  grindstones,  widi  a  view  of  corroborating  yit*  Vinc^a 
position  that  Friction  isu  umfbrm  rHardingforce,  Amd  theae 
aspeiiments  are  the  more  woraiy  of  notice  as  they  were  madn 
en  heoMf^  nMcfatnery>  with  considerable  variation  of  velocst^  of 
the  rubbing  surface,  and  great  spaces  rubbed  over :  dia  wei^t 
which  caused  the  friction  being  upwards  of  89  cwt.,  the  veloai^ 
of  the  rubbing  surfaces  4  feet  per  second  at  the  greatest,  and 
the  length  of  surface  rubbed  over  about  1000  feet  at  a  medtna* 
These  experiments  seem  to  confirm  the  opinion  that  friction  ia 
a  uniform  resistance,  at  least  where  the  rdbbing  aurfaoe  mown 
with  a  vdocity .  of  from  9  inches  to  4  feet  per  second ;  and  Mr* 
Southern  concludes  from  them,  that  in  favourable  caaes  it  doea 
not  exceed  thcforiieih  pari  of  the  pressure  or  weight  that  am 
casions  it. 

The  experiments  from  which  these  inferences  are  deduced, 
are  described  in  No.  66  of  the  Philosophical  Magazine  jnst 
referred  to.  * 

S8L  M.  Coulomb  has  an  extensive  paper  on  the  subject  of 
Friction,  in  vol.  10.  *'  Des  Memoirts  aes  Savants  Hrangcref 
where  he  describes  his  experiments  at  considerable  length,  and 
deduces  from  them  an  elaborate  dieory.  We  cannot  here  enter 
into  the  detail  of  all  these  experiments :  but  shall  merely  statn 
M.  Coulomb's  principal  results. 

This  author's  conclusions  are  widely  different  from  Mr; 
Vince's  in  one  important  particular :  for  he  asserts  that  {ceteris 
paribus)  the  friction  is  proportional  to  the  pressure.  The  mean 
ratios  of  friction  to  pressure,  given  by  M.  CotdomVs  experi^ 
ments  for  different  kinds  of  wood,  ane  as  follow,  the  presisnrn 
being  denoted  by  unity. 

Oak  against  oak  •  •  •  0*43 
Oak  against  fir  ...  0*66 
Fir  against  fir  ..  •  •  •  0'56 
Elm  against  elm  .  •  •  0*47 
the  friction  being  m^  in  the  direction  of  the  dweads  or  fibrea 
of  the  wood*    But  wben  the  friction  is  asade  across  the  graift 
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^ibc  wood,  or  «p  that  tbe  direction  of  the  fibres  fonm  a  right  ' 
angle  with  that  of  the  motion,  the  friction  is  le$s  than  iQ  the 
Ibrmer  cage,  but  still  in  a  constant  ratio  to  the  pressure  \  the  re- 
sults being  then  as  below  : 

Oak  against  fir     •     .     «     0*  1 58 
Fir  against  fir       •    •     .    0*l67 
Elm  against  elm  .     •     .     OMOO 
These  ratios  ane  constant  (juaatitics,  not  depending  opon  the 
irelocities,  except  in  die  case  of  eiui  when  the  presbures  are  vetj 
tmall,  for  then  the  friction  increases  sensihiy  ivith  the  velocity* 
M.  Coulomb  gives  the  following  general  suiiif»ary. 
"  (I.)  The  friction  of  wood  sliding  over  wood  (both  beitig 
dry)  opposes  after  a  sufficient  time  of  quiescence  a  remstanoe 
proportional  to  Uie  pressure;  that  resistance  sensibly  increasing 
m  ttie  first  instants  oTrepose :  bi\t  alter  some  minutes  it  usually 
alriyes  at  iu  maiknam  or  its  limit. 

••  **  (2.)  When  wood  glides  dry  over  wood  witli  any  velocity 
iffhatever,  the  friction  is  still  proportional  to  the  pressure ;  but 
its  inteimty  is  much  less  than  that  which  is  experienced  in  de^ 
laching  the  surfaces  after  some  miiiutts  of  rest;  it  has  beea 
found,  for  example,  that  the  force  tu^cessary  lo  detach  and 
produce  a  sliding  motion  in  two  surfaces  of  oak  after  some 
minutes  of  quiescence,  is  to  that  necessary  to  overcome  the 
friction  when  Uie  surfaces  have  obtained  any  degree  of  velocity 
whatever,  nearly  as  9  to  2. 

"  (3.)  The  fiiction  of  ipetals  sliding  over  metals,  without 
orlingpis  also  proportional  to  the  pressures;  but  its  intensity  is 
the  same,  whether  the  surfaces  are  detached  after  having  been 
any  time  in  repose,  or  whether  they  preserve  any  uniform  velo* 
city  whatever. 

**  (4.)  Heterogeneous  surfaces,  such  as  woods  and  metals  tlicU 
ing  the  one  over  the  otlier,  without  oiled  surfaces,  give  for  their 
friction  results  very  dift'erent  from  the  preceding  ones  :  for  the 
intensity  of  their  Iriction  relatively  to  the  time  of  repose  inr 
creases  sluwly,aud  does  not  attain  its  limit  till  after  four  or  five 
days,  and  sometimes  more;  instead  of  which,  in  metals  the  limit 
is  attained  in  an  instant,  and  in  wood  in  a  few  minutes:  this 
augmantatioQ  is  even  so  slow  that  the  resistance  due  to  the 
friction  in  insensible  velocities  is  almost  the  same  as  that  which 
we  must  surmount  in  moving  or  detaching  the  surfoM^es  after 
three  or  four  seconds  of  rest.  And  this  is  not  all :  in  wood 
gliding  unoiled  over  wood,  and  in  metals  sliding  over  metals, 
the  velocity  has  vei^  little  infliwnoe  upon  the  friction;  but 
here  the  friction  increases  very  sensibly  in  proportion  as  the 
velo^ties  %it  uii^oKuted  i  'm  such  mumer  thtt  the  frictipo  in- 
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<:reases  nearly  according  to  an  arithmetical  prop^resfflon^  vAken 
the  velocities  increase  in  a  geometrical  progression." 

The  ratio  of  the  friction  to  the  pressure  (l)  when  oak  wa» 
made  to  slide  over  iron,  Mas  found,  from  forty  experiments,  to 
be  as  here  stated:  when  the  velocity  was  almost  insensible^ 
•0894,  -0773,  "0785,  and  '0786:  when  the  velocity  was  about  a 
foot  per  second,  •  1 698,  -1722,  -1817,  and  •1573. 

29.  When  metals  slide  upon  wood  done  over  with  greasy, 
the  friction,  says  M.  Coulomb,  '^  appears  much  softened,  and 
we  may  produce  insensible  velocities  with  degrees  of  traction 
less  considerable  than  in  all  the  other  species  of  friction ;  but 
when  the  velocities  have  been  a  little  augmented,  we  have 
found  that  the  friction  increases  greatly  with  respect  to  the  ve* 
locity,  as  was  the  case  when  we  made  unoiled  metals  slide  upon 
wood ;  and  we  have,  for  the  relation  of  die  augmentation  of 
velocities  and  the  degree  of  traction  which  produced  that 
augmentation,  nearly  the  same  law  with  that  we  sought  to  de- 
termine in  the  friction  of  metals  sliding  dry  upon  wood :  but  if 
the  greasing  be  not  renewed  at  each  experiment,  it  coagulates, 
changes  its  nature,  and  the  friction  successively  augments. 

*^  When  the  surfaces  are  done  over  with  tallow,  the  ratio  of 
the  friction  to  the  pressure  is  greater  under  pressures  of  about 
30  pounds,  than  under  greater  pressures. 

**  With  coatings  (enduits,  plasters)  of  cart-grease,  the  friction 
is  never  less  than  4  of  the  pressure*  Its  resistance  depends  upon 
the  consistence  of  the  coating,  and  the  friction  augments  sen- 
sibly as  this  coating  is  softer.  When  the  surfaces  are  done  over 
with  tallow,  and  are  of  great  extent,  the  friction  corrupts  or 
changes  the  nature  of  the  tallow,  and  augments  sensibly  as  we 
continue  the  motion  without  renewing  the  coatmg:  yet  it  b 
always  found  less  than  -^  of  the  pressure.  But  when  the  tallow 
is  dissolved  to  an  oil,  this  effect  is  less  sensible.'^ 

M.  Coulonib's  experiments  on  the  friction  of  axes  will  be 
described  farther  on. 

On  comparing  the  results  of  Mr.  Yince's  experiments  with 
those  of  M.  Coulomb's,  already  referred  to,  it  will  be  seen  that 
our  knowledge  on  this  branch  of  the  subject  is  very  far  from 
being  so  certain  and  satisfactory  as  is  desirable.  We  may, 
however,  now  deduce  a  few  practical  inferences  from  the  pre- 
ceding articles. 

(\.)  Friction  is  diminished  by  making  the  surfaces  smooth 
which  move  upon  each  other.  But  there  is  a  limit  to  this 
smoothness ;  for  the  surfaces  may  be  so  highly  polished  aa  to 
render  the  attraction  of  cohesion  very  sensible. 

(2.)  Friction  is  du^nished  by  anointing  the  rubbing  surfaces 
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jkvSj  some  unctuous  matter.  Thus,  id  wood  acting  against 
wood,  olive  oil  reduces  the  friction  to  nearly  its  half,  and  metals 
oiled  have  less  friction  than  when  polished. 

(3.)  Friction  is  diminished  by  diminishing  the  surfaces  in 
contact.  But  this  has  a  limit:  for  if  the  moving  surface  be 
very  thin,  and  the  other  soft,  the  former  will  plough  a  groove  in 
the  latter,  and  thus  have  the  friction  increased. 

(4.)  Friction  is  diminished  by  disposing  the  parts  of  a  ma- 
chine in  such  a  manner,  that  the  ratio  of  the  velocity  of  the 
parts  which  rub  against  each  other  to  the  velocity  of  the  power, 
may  be  as  small  as  possible. 

(5.)  Friction  is  greatly  diminished  by  causing  the  body  to  roll 
instead  of  sliding  along  the  surface.  This  is  in  fact  a  distinct 
species  of  friction,  and  will  come  under  consideration  more 
fully  soon. 

ifij)  Hence  in  machines,  lest  the  friction  should  employ  a 
great  part  of  the  power,  care  is  to  be  talen  that  no  part  of  the 
machine  slide  along  another  if  it  can  be  avoided  ;  but  rather  that 
tbe  parts  should  roll  or  turn  upon  each  other.  With  this  view 
it  will  be  proper  to  lay  the  axes  of  cylinders,  &c.  not  in  a  groove 
or  concave  matrix,  as  is  usual,  but  upon  a  horizontal  bar  with  two 
vertical  pieces  to  keep  such  axes  frpm  rolling  off,  or,  between 
little  wheels  called  friction  wheels,  moveable  on  their  respective 
axes :  for,  by  this  contrivance  the  friction  is  transferred  from 
the  circumference  of  those  wheels  to  their  pivots.  And  in  like 
manner  the  friction  mav  be  still  further  diminished  by  making 
die  axes  of  those  wheels  rest  upon  other  friction  wheels  that 
tarn  round  with  them.  For  the  same  reason  friction  balls  or 
rollers  have  been  placed  within  the  naves  of  carriage  wheeb ; 
and  some  years  ago  Mr.  Gamett  had  a  patent  for  an  improved 
manner  of  applying  friction  wheels  to  any  axis,  as  of  carriaffes, 
blocks,  pulleys,  scale-beams,  &c.  in  which  the  wheels  or  rollers 
are  kept  always  at  the  same  distance  by  connecting  rods  or  bars. 

(7.)  Friction  is  diminished  by  causing  the  surface  of  one  kind 
of  substance  to  run  not  upon  the  same  kind  of  matter,  but  a 
surface  of  another  material  equally  polished.  Thus,  pivots  of 
steel  meet  with  less  friction  when  they  slide  in  grooves  of  cop* 
per,  than  when  the  grooves  are  of  steel  also. 

(8.)  As  to  friction  in  the  mechanical  powers :  I .  The  simple 
lever  has  no  such  resistance,  unless  the  place  of  the  fulcrum  is 
changed  during  the  operation.  2.  In  the  wheel  and  axle,  the 
friction  on  the  axis  is  nearly  as  the  weight  upon  it,  the  diameter 
of  the  axis,  and  the  angular  velocity.  This  sort  of  friction, 
however,  is  very  small.  3.  The  friction  of  the  pulley  is  very 
considerable  when  the  sheaves  rub  against  the  blocks.  4.  There 
if  also  very  great  friction  in  the  screw ;  if  the  screw  hfi«i  a  square 


Digitized  by 


Google 


30  MECHANICS. 

thread  it  wUl  r£Ose  a  weight  more  easily  thim  ofie  with  a  traii^ 
golar  thread :  but  in  most  if  not  all  screws  the  friction  is  eqaid 
to  the  power.  5.  In  the  inclined  plane  the  friction  varies  ac-* 
cording  as  the  body  rolls  or  slides ;  the  friction  in  the  ktter  case 
being  far  the  greatest.  6.  In  ttie  wedge  the  friction  is  at  least 
equal  to  the  power,  since  the  wedge  retains  any  position  it  is 
driven  into. 

29.  A.  The  memoir  of  the  same  philo9opher  on  the  friction 
of  pivots,  is  inserted  among  the  Memoirs  of  the  Paris  Academy 
for  the  year  1190.  Though  it  has  been  so  long  published,  it  is 
«carcely  known  even  in  France:  yet  as  tlie  experiments  de- 
scribed are  very  interesting,  and  furnish  some  important  results^ 
it  will  be  right  to  give  an  account  of  them. 

Bodies  which  are  made  to  turn  upon  pivots  are  usually  sus- 
pended by  means  of  a  cheek,  socket,  or  collar,  of  very  hard 
matter.  The  collar  has  its  cavity  of  a  conic  form,  and  termi- 
nated at  its  summit  by  a  little  concave  segment,  whose  radius 
of  curvature  is  very  small.  The  point  of  the  pivot  which  is 
suatained  by  this  collar  forms  at  its  summit  a  Irttfe  convex  sor« 
face,  whose  radius  of  curvature  should  be  still  smaller  than  that 
of  the  extremity  of  the  cheek.  Experience  evinces  that  the 
curvature  of  the  bottom  of  the  socket  is  irregular,  and  that  the 
friction  of  a  collar  of  agate  on  which  a  pivot  turns,  is  frequently 
Ave  or  six  times  more  considerable  than  the  momentum  offric^ 
tion  of  a  well-polished  plane  of  agate  on  which  the  same  pivot 
turns. 

These  considerations  induced  M .  Coulomb  to  employ  in  the 
course  of  his  experiments,  not  a  cheek  or  a  socket,  but  a  well- 
|K)lished  plane,  to  support  the  body  on  the  point  of  a  pivot.  To 
prevent  the  body  from  sliding  he  took  care  that  its  centre  of 
gravity  should  be  very  low,  with  respeet  to  the  point  of  suspen- 
sion :  he  then  made  the  body  to  whirl  or  spin  about  its  pivot,  by 
impressing  upon  it  a  rotatory  motion.  By  means  of  a  seconds 
watch,  he  observed  exactly  the  time  employed  by  the  body  in 
making  the  lirst  four  or  five  turns,  and  he  thence  deduced  easily 
a  mean  turn  to  determine  the  primitive  velocity :  after  this  he 
counted  the  nuuiber  of  turns  which  the  body  made  before  it 
stopped. 

Coulon>b  took  a  glass  bell  of  48  lines  in  diameter  and  60  lines 
ill  height,  which  weighed  5  ounces.  He  placed  it  on  the  point 
of  a  pivot ;  and  after  giving  it  successive  degrees  of  velocity 
about  that  pivot,  he  observed  very  exactly  the  time  that  it  em- 

f>loyed  to  make  the  first  turn,  which  gave  him  for  the  mean  ve- 
ocity  that  which  answered  to  the  half  of  such  first  turn.  Ffe 
then  estimated  the  number  of  turns  made  by  the  bell  before  it 
stopped :  the  results  were  as  below — 
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'  Isl  Trial.  Th«  bdl  nude  one  tnra  ia  i^',  and  oame  to  rest 
ftfler  S4,y  turns. 

9d  TriaL  Tke  bell  made  one  turn  in  &^^%  and  stopped  after 
14tt  tunm. 

3c(  TriaL  The  bell  made  one  turn  in  11^^,  and  stopped  after 
4rv  turns. 

Now  if  &  denote  the  primitive  velocity,  x  the  space  described 
between  the  commencement  and  the  end  of  the  motion,  a  the 

constant  momentum  of  the  retarding  force;  J  ^—  the  sum  of  the 

products  of  every  particle  lu,  by  the  square  of  its  distance  r  from 
the  axis  of  rotation,  divided  by  the  quantity  a  measuring  tb# 
distance  from  the  axis  of  rotation  to  the  point  whose  primitive 
velocity  is  6,  it  is  easy  to  find  the  following  analytical  expression 
for  the  constant  momentum  of  the  vis  reiardatrix,  viz.  ' 

b*    rux* 

But,  because  in  the  three  preceding  trials,  the  same  bell  was 

employed,  the  quantityy-^  is  the  same ;  —  must  therefore  be 

a  constant  quantity  if  a  be  constant,  and  reciprocally.  But  in 
each  trial  there  was  reckoned  the  time  emplo)fed  by  the  appara- 
tus in  perfx)rming  an  entire  revolution.  The  mean  velocity,  or 
the  velocity  due  to  the  half  of  each  first  revolution,  will,  there- 
fore, be  measured  by  the  circumference  run  over.  The  space 
described  up  to  the  end  of  the  motion,  will  be  measured  by  the 
number  of  tui^run  through  from  the  instant  where  the  mean 
velocity  was  determined  until  the  end  of  the  motion.  Thus  by 
computing  from  the  data  furnished  by  the  three  trials,  we  may 
form  the  following  table  : 

ist  Trial,  i  turn  in  4",  stops  at  34^  turns,  whence  results  —  =s  ttt 

2d  Trial.       .    .    6V'     .     .     14^ =  ttt 

3d  TriaL       .     .  11"      .     .      4^% =i:It 

This  experiment,  then,  shews  unequivocally  tliat  the  quantity 
— ,  and  consequently  the  quantity  a  which  expresses  the  mo- 
mentum of  friction,  are  constant  quantities,  whatever  be  the 
primitire  degree  of  velocity ;  and  that,  consequently,  the  velo- 
city has  not  any  influence  upon  the  resistance  due  to  the  friction 
of  pivots,  which  from  this  experiment  is  necessarily  proportional 
to  a  function  of  the  pressure. 

When  this  experiment  is  made  in  a  vacuum,  a  much  less 
heavy  body  may  be  employed,  and  of  any  form  whatever,  and 
the  same  Fesidt  will  be  obtained. 
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.  In  other  experiments  Coulomb  bent  a  brass  wire  of  9  incbetf 
M  length ;  the  parallel  branches  were  24*  lines  distant  from  one< 
another;  the  part  of  the  wire  carved  in  the  form  of  a  semicircle 
which  joined  the  two  branches  was  about  3  inches'Iong;  and  the 
two  vertical  and  parallel  branches  were  also  each  3  inches  long. 
To  the  extremity  of  each  vertical  branch  was  attached  by  mean^ 
of  wax  a  piece  of  metal,  and  there  was  fixed,  in  like  manner, 
in  the  middle  of  the  concave  part  of  the  wire,  to  serve  for  the 
cheek  or  bush,  a  small  well-polished  plane  of  diifereot  substances 
on  whicli  the  friction  of  the  point  of  the  pivot  was  to  be  deter- 
mined :  finally,  there  was  fixed  to  the  summit  of  a  support  a' 
Kttle  needle  of  tempered  steel,  and  whose  point  it  was  necessary 
to  render  more  of  less  fine,  rounded,  or  obtuse,  according  to  the- 
nature  of  the  cheeks,  and  to  d:e  pressure  which  they  were  to 
experience.  The  extremity  of  the  needle  first  used  b v  Coulomb^ 
appeared,  wheu  examined  by  a  microscope,  to  form  a  conic 
angle  of  18  or  20  degrees.  The  friction  of  this  needle  against 
well-polished  planes  of  granite,  agate,  rock  crystal,  glass,  and 
tempered  steel  respectively,  was  tried ;  and  the  result,  taking  in 

each  experiment  the  mean  quantity  represented  by  —  (a  quantity 

which  was  always  found  to  vary  between  very  n<arrow  limits)^ 
gave  tiie  momentum  of  friction  of  the  point  of  the  needle  against, 
the  planes  of  granite,  agate,  &c.  respectively,  in  the  ratio  of  the 
fractions  tVtt»  ttt»  ttt>  tt t»  -4Tt  '  so  that  the  momentum  of 
friction  of  die  plane  of  grauite  being  represented  by  unitv,  we 
shall  have  for  the  momentum  of  the  friction  of  rotation  relative 
to  the  other  substances  as  below :  friction  of  granite,  1 ;  of 
agate,  1*214;  of  rock  crystal,  1*313;  of  glass,  1*777;  of  steely 
12*257. 

Coulomb  likewise  employed  himself  during  these  experi- 
ments, in  determining  the  more  or  less  acute  form  which  sivDuld 
be  given  to  the  points  of  the  pivots.  To  this  end  he  caused  to 
be  successively  rounded  into  cones  of  greater  or  less  acuteness, 
the  extremity  of  a  steel  needle,  that  it  might  thence  appear 
whether  the  change  of  figure  had  any  influence  upon  the  fric- 
tion.   Thus  he  found  that,  under  a  certain  charge,  the  point  of 

the  pivot  being  shaped  to  45  degrees,  the  quantity  —  was,  for 

granite,  ^^^^ ;  agate,  -rrrv ;  glass,  rivr ;  tempered  steel,  Tinnrii 
Coulomb  then  gave  to  the  point  a  more  acute  form,  so  that 
the  angle  of  Uie  cone  which  terminated  it  could  not  be  more 
than  6  or  7  degrees;  and  he  found,  still  retaining  the  same 
charge  or  pressure  as  before,  that  the  quantity  —  was,  for 
ag«te,  Tiir;  glass,  ttt;  tempered  steel,  tttt. 
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Coanniig^  from  theae^  and  odier  experhnents^  the  niomeiituiD 
of  frii^tioii  of  rotatioii  of  the  point  of  differeni:  pivots  &g«ii9t  ^ 

plane  of  a^te,  he  found  that  the  quantity  -—  w^ich  varies  as  that 

monientum,  was,  for  a  pivot  ot  45%  tAv  ;  a  pivot  of  15''^  rrs^ 
a  pivot  <»f  6*,  xTB.  ■' 

After  this  Coulcunb  varied  the  chaise  in  his  experiments,  aad 
determined  the  relative  momeatnra  or  friction  of  pivots  ond^ 
different  pressures.  But  without  going  further  into  detail,  we 
BMLj  give  die  following  as  the  princi^  deductions  ftom  Afe 
ivlwle. 

1.  That  the  friction  of  pivots  is  independent  of  the  veloci- 
ties, being  merely  as  %  funedop  of  the  pressure. 

2.  That  the  fHction  of  granite  is  less  than  that  of  glass. 

3.  That  the  figure  of  the  point  of  the  pivot,  as  to  acutenessy 
affects  the  quantity  of  friction ;  in  such  manner  that  when  w<i 
cause  to  whirl  upon  the  point  of  a  needle,  a  body  weighing  moft 
than  5  or  6  drams,  the  most  advantageous  al^gle  for  that  point 
appeared  to  be  from  SO**  to  45*;  under  a  less  pressure,  the  an^le 
iD^^t  be  progresrively  cRminished,  without  the  friction  being 
perceptibly  augmented :  it  may  even  without  great  inconveni^ 
enee  be  reduc^  to  10''  or  12^  with  good  steel,  when  the  charge 
does  not  exceed  100  grains :  an  important  ccmrideration  in  m 
suspension  of  light  bodies  uppn  clieeks  or  8#ckets. 

These  rules  may.  be  useful  to  the  makers  of  chronometers* 
30.  Since  cords  and  rop^sare  not  perfectly  flexible,  it  be* 
comes  necessary  in  estimating  the  advantages  of  pulleys,  cap* 
atans,  &c.  to  make  some  allowance  f  >r  this  want  of  flexibility  t 
in  tbis  case  we  may  have  recourse  to  a  theory  which  is  far  moKt 
aatis&ctory  than  any  which  has  yet  been  invented  with  regaitl 
to  friction,  and  which  accords  far  belter  witb<experiment.  Th4 
most  useful  formuis»  may  be  deduced  in  a  very  small  compass. 
Thus,  let  Aq  =  CB  Bs  r,  the  radius  of  a  pulley  (fig.  3.  pi.  I.)  and 
two  H  eighty  w  and  Q  in  equilibrio:  if  w  should  prevail,  it  is 
obvious  that  the  cord  dq  becomes  in  the  upper  part  bent  so  as 
to  fit  to  the  groove  of  the  pulley,  and  in  the  lower  part  bent  in« 
wards  so  as  to  fkll  into  the  vertical  bw :  if  the  cord  be  tolerably 
flexible,  the  cUnring  ia  pnetty  regular  from  b  almost  down  to  w : 
but  if  ihe  cord  be  very  rigid,  bew  and  adq  are  found  to  be 
nearly  straight  lines  but  neither  of  them  vertical;  the  weight  a 
being  found  to  hang  vertically  below  some  point  as  a,  making 
ca  greater  than  CA,  and  the  weight  w  hanginc  below  some 

{>oint  b  Where  cb  is  less  than  cb.  So  that  as  the  arm  of  the 
ever  at  which  one  of  the  forces  act  is  become  greater,  and  that 
of  the  other  less  than  r,  the  condition  of  equilibrium  is  no 
longer  w  x  g; 

▼•L.  II.  D 
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When  the  cord  b  only  modenitel  j  rigidi  as  in  most  practical 
cases,  the  distance  nb  is  always  found  so  extremely  small  that 
it  may  be  safely  neglected  in  the  discussion  ;  that  is,  we  need  in 
such  cases  pay  no  regard  to  the  want  of  flexibility  in  the  part 
SEW  corresponding  to  the  weight  w  which  is  supposed  to  pre- 
vail; but  merely  enquire  into  that  of  the  part.ADQ  by  which  tfie 
odier  weight  is  suspended.  Hence,  if  we  put  Aazzq^  the  con- 
dition of  equilibrium  will  be  expressed  thus : 

wr=:Q(r  +  9). 
From  this  it  results,  that  if  w  —  q  be  the  magnitude  by  which 
we  should  augment  the  power,  that  it  may  he  on  the  point  of 
prevailing ;  and  if  we  have  regard  to  the  stiffness  of  the  cord, 

this  magnitude  will  be  w  —  q =q  •  -^.     Consequently,  to  intro-' 

^kice  the  consideration  of  the  st^ness  of  the  cord  employed  in  a 
machinef  we  have  only  to  suppose  that  the  arm  of  the  lever  at 
which  the  resistance  acts  is  greater  than  it  realty  is^by  a  de^ 
terminate  quantity  q. 

•  It  remains,  then,  to  ascertain  this  quantity  q :  in  order  to 
which,  it  may  be  observed  that  a  cord  resists,  on  two  accounts^ 
Ibe  efforts  which  are  made  to  bend  it.  The  first  is  due  to  the 
tension  of  the  cord,  and  is  proportional  to  it^  it  will  therefore 
be:=6Q ;  the  second  is  due  to  its  warping  or  twbting,  and  we 
may  represent  by  a  the  force  employed  to  overcome  it.  Here 
a  and  b  are,  as  is  manifest,  variable  coefficients.  Thus,  for  one 
and  the  same  cord  a  +  6q  may  represent  the  force  required  to 
bend  it :  but,  if  the  cord  be  changed,  the  diameter  d  will  be 
different,  and  we  may  conclude  that,  ceteris  paribus^  the  force 
which  mult  be  employed  will  be  proportional  to  a  certain  power 
n  of  d;  for  the  force  necessary  to  bend  a  cord  will  increase  with 
its  diameter :  this  power  will  decrease  ofi  the  contrary  with  the 

radius  r  of  the  pulley ;  therefore  —  (a+bQ)  may  represent  the 

force  necessary  to  overcome  the  stiffness  of  the  cord ;  n  being  as 
yet  an  indeterminate  quantity.  This  value  being  the  augment- 
ation  which  must  be  given  to  the  force  or  weight  w  that  it 
may  be  on  the  point  of  prevailing  over  the  resistance  q,  must, 

from  what  is  before  shewn,  be  equal  to  q  -^.     Thus  we  have 

^'  (o  +  6e)=  gg,  or  y=  ^  (a  +  bo)  .    .    (a). 

Thb  equation,  it  is  true,  is  only  furnished  by  general  consi- 
derations, and  not  by  a  rigorous  investigation:  it  contains, 
moreover,  the  unknown  coefficients  n,  a,  and  b^  varying  for  dif* 
ferent  cords.  But  there  is  a  simple  method  of  finding  these  co- 
efficients, and  of  assuring  ourselves  that  the  expression  is  suf- 
fidently  exact  in  practice. 
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31.  Oioose  any  cord,  and  after  bending  it  along  the  groove 
of  a  pulley^  as  the  coixl  qdabew  (fig.  3.),  attach  to  it  two 
equal  weights,  and  augment  one  of  them  till  it  is  just  on  the 
point  of  prevailing  so  as  to  give  motion  to  the  system,  marking 
the  difference  of  the  weights.  Make  a  similar  experiment  four 
times,  taking  as  many  different  values  of  w  and  of  q^  also  of  r; 
8o  shall  there  be  obtained  four  values  of  w-*  q,  that  is  to  say, 

of  —  (a  +  6q),  which  will  furnish  four  equations.    Putting  e,f, 

g,  A,  titiene  values,  and  denoting  by  r,  r^,  /',  f^,  the  several 
rec&i  of  the  pullies,  and  g,  q',  q'\  q%  the  weights  employed  in 
ibeir  turns,  we  shall  have 

t  =  t.(a  +  bQ)      .    .    .    .   /  =  ^(«+6a') 

Of  these  equations  the  three  first  serve  to  discover  the  values  of 
n,  a,  and  b ;  and  the  last  enables  us  to  assure  ourselves  whether 
the  formula  (a)  has  the  accuracy  we  wish. 

32.  i^s  to  experiments  on  the  rigidity  of  ropes  and  cords,  we 
know  none  of  any  great  importance  and  extent  besides  those  of 
M.  Coulomb,  l^ese  experiments  were  made  with  two  kinds 
of  apparatus,  one  contrived  by  M.  Amontons,  the  other  by 
Coulomb  himself :  the  experiments  made  by  means  of  one  in- 
atrument  corroborated  the  results  of  those  made  by  the  other : 
but  we  shall  here  merely  describe  the  experiments  by  means  of 
Coulomb's  apparatus,  which  we  prefer  because  it  was  contrived 
to  ascertain  at  the  same  time  that  kind  of  friction  which  is  oc- 
casioned by  the  rolling  of  cylmders  upon  horizontal  phines. 

The  apparatus  consists  of  two  tressels  of  6  feet  in  heigbt,  and 
sufficiently  solid  and  firm,  on  which  there  are  laid  two  pieces  of 
squared  wood ;  upon  these  two  pieces  of  wood  are  fixed  two 
rulers  of  oak  well  planed,  on,  i/d^  (fig.  4.  pi.  I.  nos.  1. 2.>,  and 
polished  with  a  little  fish-skin :  then  two  cylinders  of  lignum 
vit«  are  procured,  one  of  6  inches  diameter,  the  other  of  two 
inches;  to|;ether  with  several  cylinders  of  elm  from  2  to  12 
inches  in  diameter. 

These  things  prepared,  in  order  first  to  find  the  friction  of  the 
rollers,  they  are  laid  horizontally  upon  the  two  rulers  of  oak, 
and  crossing  their  directions  perpendicularly,  as  represented  in 
fig.  4.  no.  2.  the  rulers  being  in  a  perfectly  horizontal  position : 
then  suspend  on  each  side  of  the  roller  in  use  a  weight  of  SOlbs. 
widi  very  fine  and  flexible  packthread ;  or  indeed  by  means  of 
several  such  threads  distributed  over  the  roller,  and  charged 
e»ch  with  50lbs.  on  each  side,  produce  upon  the  rulers  any  de- 
terminate pressure;  and  ascertain  by  the  aid  of  little  counter- 
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weights  suspended  alternate^  on  the  different  ndes  of  tfie  roler 
vhat  will  be  the  force  qecessary  to  give  it  a  motion  bareljr 
sensible.  > 

The  friction  of  the  rollers  being  estimated  by  the  precedingi 
method,  it  will  be  easy  to  allow  for  it,  when  instead  of  the  verj 
fle^tible  packthread,  the  cords  or  ropes  of  which  the  stiffness  ia 
to  be  determined  are  substituted.  And  this  new  determinatioir 
will  be  made  in  the  same  manner  as  with  respect  to  the  nascei^t 
friction  by  suspending  the  little  weiglas  alternately  on  each  ade 
Gtf  the  roller,  so  tha^  they  shall  give  it  a  motion  just  perceptible. 

It  is  obvious  to  remark  that  this  method  of  estimating  thei 
effects  of  the  rigidity  of  cords  will  furnish  results  direct^  ifi^t 
plicable  to  the  preceding  formulse :  for  the  weights  which  pro- 
duce the  very  small  motion  in  the  cylinders  wiH  be  preciaelj 
e^ual  to  die  augmentation  of  the  resistance  arisine  from  the 
stiffiiess  of  the  cord,  estimated  in  the  direction  of  that  portion 
of  the  cord  to  which  th^  resistance  is  applied  that  rquresenta  the- 
Ufual  effect  of  the  machine. 

33.  We  shall  first  exhibit  the  results  of  M.  Coulomb's  ex- 
perimentSy  ou  the  second  species  of  friction,  produced  by  rollers 
of  lignum  vitae  of  G  aud  of  2  inches  diameter. 


Qhwge  <^the  raUcr% 
their  weight  being 
comprised. 


Weigbu  which  prodnoe  wa  extremely  stow  motkm,  th^ 
Quieter  of  thflirraUen  beiqg 


6  inches 


2  inches 


1001b. 
500 
1000 


0*6 
3-0 

6-0 


1»6 
18-0 


From  this  table  M.  Coi^lomb  infers  that  the  friction  of  cy- 
linderi  which  roll  upon  boriaontal  planes^  is  directly  as  the 
pressures,  and  invefsely  as  the  diameters  of  the  rollers.  He 
also  found  that  greasing  Ae  surfaces  did  not  here  cause  any 
sensible  diminution  in  the  friction. 

Note.  The  (aot  and  the  pound  spoken  of  throughout  these 
experiments  are  those  of  the  ancient  Paris  standard:  we  have 
not  reduced  them  to  English  measures,  since  the  dedtictiona 
founded  upon  the  experiments  does  not  render  this  necessary.    • 

Rollers  of  elm  produced  a  friction  of  about  the  4  greater 
than  lignum  vitse.  And  under  small  pressures  the  friction  was 
rather  greater  than  would  result  from  the  law  of  frictbn  being 
proportional  to  the  pressure. 

34.  We  shall  next  present  the  results  of  Coulomb's  ex- 
periments upon  the  rigidity  of  cords,  and  cUflferent  roller^  be* 
tween  £  and  12  inches  in  cBameter:  the  deduction  for  the 
friction  is  stated  in  the  table,  and  a  comparative  column  exhibits 
the  rigidity  deduced  from  the  experimenta  made  with  the  ap- 
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IMMtitt  of  Amontons.  Tlie  cords  were  tkree  kinds :  No.  1^  of 
6  tht^eadsin  a  yam,  or  1^  hi  a  atratid,  the  circumference  12}  lin^s, 
and  i(ire%ht  of  a  foot  in  length  4)  drams.  No.  2,  of  15  threads 
in  a  yam,  6r  5  in  a  strand,  circumference  20  lines,  weight  of  a 
Ibdt  iM  length  19|  drams.  No.  ^,  of  30  threads  in  a  yarn  or  10 
nl  a  isfhiiid,  circumference  28  Imes,  weight  of  a  foot  in  length 
24}  draitas. 


f 

2. 

Kinds  df 
irood 

WdiChte 

/^ditiun. 
weight 
to  Star- 
momit 
friecionoi 
roflGr  flnci 

TMal 
ebaii^of 

8tiAieMoftbitCoid.| 

S 

3. 

Cordt 

Used  in 

tbfc«^po-. 

diameter 
and 

hung  on 
each  sidc^ 
lUel^lfoi 

the  rulers 

which 

support 

Priction 
of  the 
roller. 

▼Uued 

bf  COQ. 

lomh's 

Valued 
Hy  Amon- 

1 

timanok 

ofUm 
rollers. 

in  lbs. 

■  \#it^#*    wiBa%« 

strihesB 
of^rdi. 

the 
roller. 

tjkpa- 
rattts. 

tonk' ap- 
paratus. 

H 

[     Cord 
\  Mo.  3.  of 
i30thraads 

r     Blm    ' 
\l«  inches 
/diameter. 

100 
^    300 

51hs. 
11 

315 
781 

1-5 
3-6 

3^ 
7-4 

4-4 
10-4 

/ ._  szsrs' 

i    wei^'ht 

L     - 

( 

r  in  a  yam. 

f  nOlbs. 
f      Elm     ' 
\  6  inches  1 

)     500 

flO 

1130 

5-6 

14-4 

16-4 

( 
< 

(  diameter, 
i   wcijrht   1 
^   «51bs.    ' 
^Oniacum' 
\  6  inches  | 

^    900 

1 
1 

18 

443 

Idem. 

1 

<diameter» 
J  weight    ( 
C  50lb^ 
r  Goiacum  ^ 
\  %  inches  / 

f.  aoo 

16 

a 

466 
6H 

M 

13*9 

14« 

Uan. 

1 

e  diameter, 
J  weight   \ 
r42§lba.  , 

;- 

59 

456i 

(     Cord 

[Gaiacam 

f  « 

H 

101{ 

.1  No.  9.  of 
^^ISthreadi 

^diameter, 
j   weight  1 
(  Mlbs.  ] 

100 
^     200 

6 
11 

856 
461 

2-8 

8*9 

7-6 

/in  a  yam. 

^     500 

S4 

1074 

6-4 

17-6 

17-8 

r     Cord    • 

)                { 

' 

-J  No.l.oC 
^^'Jsthreadf 

Kidem.       * 

)     100 

3 

953 

1    soo 

6 

456 

«»7 

33 

3*1 

(in  a  yam. 

) 

^ 

From  this  table  it  will  be  seen  that  the  method  of  Amontons 
and  that  of  Coulomb  furnish  nearly  the  same  results:  M.  Cou- 
lomb ascribes  the  differences  where  greatest  to  &e  circumstances 
of  die  cords  having  been  more  used  previous  to  their  being  taken 
for  on^  kind  of  experiment  than  for  the  other. 
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35.  IVL  Coulomby  before  be  commenced  tbe  experhi^eiits  u[K>n 
'  the  friction  of  axes,  caused  the  pulley  to  turn  on  its  axis  during 
'  such  a  time  aud  with  such  a  velocity  as  was  necessary  to  enable 
the  surfaces  in  contact  to  a^cquire  ^11  the  polish  and  gliboej^  of 
which  they  were  susceptible.     The  chief  object  held  in  view 
in  the  experiments  of  which  we  now  speak  was  to  determine  tbe 
friction  of  the  axis  of  machines  in  motion.   M.  Coulomb  there- 
fore caused  the  suspended  weights  to  run  over  a  space  of  6  feet, 
— imd  to  measure  separately  by  half  seconds  the  time  employed  to 
run  over  the  first  three  feet,  and  that  occupied  iti  r4lnning  over 
the  last  three' feet.     The  following  fable  contains  the  results 
of  Experiments   on  the   friction  of  axes  of  iron  in  boxes  of 
copper:  the  ajqs  used  was  19  lines  in  diameter,  and  had  a 
play  of  ii  lines  in  the  copper  box,  the  pulley  was  144  lines  in 
fiia^eter^  and  weighed  14  pounds^ 
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The  weights  employed  to  bend  the  cord,  and  which  are  con- 
tained in  the  fourth  column,  were  calculated  from  the  tensions 
expressed  in  the  5th  column^  by  means  of  the  formulas  already 
giveU)  and  the  results  of  some  previous  experiments.     These 
weigfajTs  being  subtracted  from  those  of  the. 6th  column,  which 
put  the  8}|8tem  in  motion,  leave  the  weights  employed  in  over- 
coming the  friction.    These  latter  wei^ts  acting  at  a  dastanc# 
from  ihe  centre  of  rotation  equal  to  the  sum  of  the  radii  of  ^e 
pulley  and  the  cord  :  the  friction  which  is  exerted  upon  the  axis, 
and  mbkh  in  the  case  of.^  very  slow  motion  may  be  considered 
.  as  making  an  equilibrium  with  those  weights,  is  therefore  equal 
to  thci  product  of  those  weights  into  the  ratia  of  the  sum  of  the 
'  radii  of  the  pulley  and  therord,  to  the  radius  of  the  axis,  which 
rat^o  h  very  nearly  7  to  i,!when  the  weight  is  suspended  by  a 
,thin  packthread,  and  nearly  7*2  to  ],  when  it  is  suspended  bj 
the  co^-d  No.  !•    From  these  considerations  the  9tKcolumn  was 
*  calculated.   The  weights  comprised  in  the  Sth  column  are  com- 
tposed^  1.  Of  the  weight  of  the  pulley  or  cylinder;  2.  Double 
;the  corresponding  weight  in  the  5th  column;  3.  The  weights 
contained  m  the  6th  column ;  for  the  .0utn  of  these  evid^tlj 
{compose  the  pressure  upon  the  axis.     Hence,  to  find  the  ratio 
of  the.  friction  to  the  pressure,  as  expressed  in  the  10th  column, 
,it  is  only  to  divide  any  number  in  tl^e  9lh  i^olui^  by  the  cor- 
iresponding  one. in  the  gtli. 

36.  Wbenit  is  {ucoper  to  have  regard  to  the  velocity  of  the 
weight,  to  ascertain  the  effort  which  surmounts  the  friction  ^^nd 
the  stifThess  of  the  cord,  j  we  may  observe  at  once  that  in  this 
case  the  motioa  ijs  nearly  a  uniformly  accelerated  motion,  since 
the  first  5  leet  are  described  m  a  time  about  doublethat  empfojed 
in  running  over  the  last  3  feet.  It  remains,  therefore,  to  teara 
Whut  partsc;  of  the  additional  weight  stated  in  the  6th  column, 
which  we  call  w,  was  employed  in  accelerating  die  motioii  of 
the  suspended  weight;  for  the  other  part  of  the  additional  w^ht, 
.viz*  w—  tt/,  is  manifestly  that  which  surmounts  the  frictioj)  ^nd. 
.the  stiffness  of  the  cords..    Now  t  being  the  time  of  the  whole 

/descentt,  the  accelerating  force  which  has  place  is  equal  to  -^ ; 

find,  naming  w  the  total  sum  of  the  weight  hangijig  upon  the 
pulley-comprising  in  it  7  pounds  for  the  inertia  of  the  pulley, 
which  weighed  14  pounds,  and  g  the  accelerating  force  of  gravi^,' 

the  m^s  put  ia  motion  will  be  '^,  and  the  product  of  that  mas9 

by  the  accelerating  force  will  be  -^^';  which  being  subKCfHT 
from,  the  additional  weight  which  put  the  pulley  in  motion^  giiPe^ 
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^  quandty  w-^rc^,  or  the  part  of  the  weijght  w  employed  to 
.overcome  the  stiffness  of  the  cord  and  the  friclion* 

It  appears  from  the  7th,  8th,  9th,  10th,  1 1th,  and  l^th,  expe- 
riments, that  the  frictiou  of  axes  of  iron  in  boxes  or  cheeks  of 
copper  is  much  less  softened  by  the  cart-grease  ihan  by  talloM. 

37.  M.  Coulomb  has  likewise  endeavoured  to  ascertain  the 
Aiction  of  axes  of  rotation  made  of  the  different  kinds  of  wood 
which  are  commonly  found  in  rotatory  machines.  To  render  the 
/riction  more  senpible  be  used  pulleys  of  1 2  inches  mounted  upon 
axes  of  3  inches;  sometimes  the  axes  were  immoveable,  at  others 
th^  moved,  but  in  bath  cases  the  friction  was  the  same :  Uie 
proper  precautions  were  adopted  to  smoothen  the  surfaces  in 
f  ontao^  and  tbenc«  to  avoid  the  uncertainty  and  irregularity 
which  might  otherwise  liave  attended  the  results. 

I  .  •  *.  lUtioof 

I  K%nd%  of  wood  used  in  the  experiments.         '^S«? 

Axis  of  h6lm-oak)  box  of  lignum  vitae,  coated  with  talloW     OOSS 
Ditto  the  coating  wipe0,  the  surface  remaining  oily    ,•     (V06 
AjAb  and  box  as  before/but  used  several  times  without  h     0'()6 

^avioff  the  coating  refreshed , .    f     008 

Aids  or  holm-oalJ,  box  of  elm^  coated  with  talloW     .     .    0*05    ' 
_  J)ilto  both  axis  and  bok  wiped,  surfaces  remaining  oily    0*05 
Axis  of  box- tree,  bo;c  of  lignum  vita?,  coated  with  tallow     0*043 
t)itto  the  coating  wiped,  the  surfaces  remaining  oily  •    007 

'  Axis  of  box-tree,  box  of  elm 0*035 

Ditto  the  coating  wiped  off I     p-05 

Axis  of  iron,  box  of  ligniun  vita,  the  coating  wiped  off  7    ^.^^ 

and  the  pulley  turned  for  some  time     •     .     .     .     5 
TTie  velocity  does  not  appear  to  influence  the  friction  in  any 
sensible  manner,  except  m  the  first  instants  of  motion:  and  in 
every  case  the   friction  is  least,  not  when  die  surfaces  are 
plastered  over,  but  when  they  are  merely  oily. 

S8.  The  experiments  on  the  stifliiess  of  cords  described  (art. 
S4*)  were  made  in  cases  of  motions  nearly  insensible ;  but  M. 
Coulomb  enquired  whether  with  a  finite  velocity  the  resulting 
effect  of  the  stiffness  of  the  cord  were  augmented  or  diminished. 
Por  this  ptupose  he  took  a  pulley  and  box  of  copper,  and  an  nxh 
of  iron  done  over  with  tallow:  the  diameter  of  the  pulley  Mrak 
144  lines,  and  that  of  (he  axis  20 J  lines;  and  the  cord  was  one 
of  SO  threads  to  a  yarn,  or  No.  S.  of  which  the  stifihess  with 
respect  to  insensible  veiocitJes  was  determined  by  some  of  the 
foregoing  experiments.  The  ensuing  table  shews  the  results  of 
the  experiments:  the  weights  were  made  to  run  over  a  distauce 
Xlte  feet,  and  the  times  of  describing  the  first  three  and  the  last 
ihree  feet  were  measured  by  a  half-second  pendulum. 
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Weight 
No.  of    hung 
expert- on  ««cb 
meot».  side  the 

pulley. 


Add 

tiooal 
weight 

to 

move 

tlie 

puUfry, 


Part  of 
wt.  to 

OV#;r- 

ronui 
fiiciion 
and  ri- 
gidity. 


Motion  of  the 

weight!  hung  upon 

the  pulley. 


flOO 


400 


690 


f 

C90-5 

(31 

1 37 


r-51bi.J7-51b8. 
7-6  ' 


lureoo 

the 
axis  in 

Ibf. 


7-6 

n 

li-8 
SO-5 
19-9 

W-6 
81-5 
31-5 


I  Slow  and  continued . f 231  Ibti 

riirM3«Mtio3^ 

I  last  3  feet  in  1|* 

t first  3  fiect  in  2t 

F  last  3  in  1^" 

I  Slow  and  uaeeitiSnJ  4SS 

rftrA3lectin6' 

[lasts  in  3" 

ffirBtSfcetinSi" 

[laMahnl" 

[Slow  and  uncertain  J  834 

r  first  S  feet  in  6* 

[lattSutS'' 

rant  3  leet  in  3^ 

hast  Sin  9^ 

[Doubtful  and  conti.flSdS 

I  ftrtt  8  fbet  in  6" 

{latt3in3^\ 


Weight 
acting 
at  ex- 
tremi* 
ty  of 

pulley, 

ba}an<s 
11^  the 

friction 


9«Ibs. 


4*9 


9-7 


14.^ 


StiOTnets 

of  the 

cord 

deduced 

from  the 

weigliti 

which 

move  the 

pulley. 


4*9  lbs. 


6-1 


10*8 


iV-6 


Stifibesa 
of  the 
cord  es- 
timated 
from  its 
tenskm 
and  far- 
mer ex- 
perim*. 


4*0  Iba. 


6-6 


U-S 


17*0 


It  appeairedin  the  table  (art.  34.)  tluit  to  bend  the  cord  No.S. 
olfSO  threads  in  a  yarn,  about  a  roller  of  12  inches  diameter,  uid 
^ith  a  tension  ofSOOlbs,  woiild  require  a  weight  of  14*4lbs.:  of 
^hich  weight  the  constant  part  due  to  the  fabrication  qt  Ae 
cbrd  is  about  r4lbd:  this  value  may  be  retained,  but  it  wOl  be 
here  prober  to  reduce  the  part  due  to  ttie  tension  of  the  cord 
py,  the  quintal  to  i  (14'4- l-4)  =  ix  I3=2'6lbs.  From  tiiiaie 
data  the  last  c(dumn  to  the  right  of  the  above  table  was  com- 
puted. 

.  39.  To  conijrfete  t!he  object  of  die  experiments  it  is  oecessai^ 
to  have  .the  stiffness  of  the  cord  without  asserting  any  thing  i 
prioTX  on  the  values  which  had  been  previously  found  foir  su^ 
rigidity.  To  this  end  Coulomb  has  estimated  the  friction  oi^  ^ 
axis  from  its  charge  and  the  experiments  of  art  35;  where  it 
appeared  that  this  friction  was  indepenclent  of  its  vdpcity  aM 
equal  to  0*087  of  the  pressure,  lliis  friction  which  is  exert^ 
at  the  surface  of  the  axis  being  computed,  and  the  radius  oJFdi^ 
axis  being  to  die  distance  between  the  centre  of  rotation  and 
the  middle  of  the  cord  as  1  to  7'«%  it  will  be  easy  to  calculate 
.|he  weight  which  acting  in  the  vertical  direction  <}k  the  middle 
of  the  cord  may  be  in  equilibrium  with  the  triction  in  each  etr 
periment;  and  these  weights  are  contained  in  the  7th  column* 
Subtractmg  diese  Weights  from  die  additional  weights  contained 
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m  lim  3d  eolmnii,  namely  those  which  put  die  pulley  m  motioD, 
"we  have  in  the  case  of  a  rery  slow  motion  the  values  of  the 
weights  which  just  surmount  the  stiffness  of  the  cord ;  these 
weights  are  comprised  in  the  8th  oolumn,  and  diffier  but  httl^ 
from  those  calculated  immediately  and  contained  in  the  9th 
column. 

40.  Now  to  know  if  the  greater  or  less  velocity  of  the  weight 
suspended  upon  the  pulley  has  any  influence  upon  the  resistance 
due  to  the  stiffness  of  the  cord,  we  muKt  in  the  case  of  the 
motion  calculate  what  portion  of  the  additional  weight  hung 
upon  the  pulley  is  employed  in  overcoming  the  friction  and  the 
rigidit}'  of  the  cord.   Here  the  formula  of  a  preceding  article  has 

it8appl^atipn|fE^= — - — :  for,  the  time  occupied  by  the  weight 

in  describing  the  last  three  feet  being  nearly  the  half  of  that, 
employed  in  describing  die  first  three  feet,  the  n^otion  may  be 
considered  as  uniformly  accelerated,  and  the  quantities  w— «/ 
which  result,  and  are  contained  in  the  4th  column,  differ- 
but  little,  as  is  manifest,  from  the  weights  employed  to  over^ 
come  the  friction  and  the  stiffness  of  the  cords,  in  the  case  of 
an  extremely  slow  motion.  And  as  it  appeared  from  the  pre- 
ceding experiments  that  the  friction  was  independent  of  the 
velocity,  or  that  it  opposed  the  same  resistance  to  the  motion 
in  the  diftereut  trials  for  each  experiment;  it  hence  follows  that 
the  resistance  arising  from  the  stiffjiess  of  the  cord  was  likewise 
constitut  in  the  same  trials,  and  depended  not  upon  the  velocity, 
ol  ieast  in  any  sucAstmible  manner  as  to  merit  our  regard  in. 
€ompuling  the  ppwers  rf  machines. 

41.  The  invariableness  of  the  resistance  occasioned  by  thft 
stiffness  of  cords,  under  different  velocities,  appears  also  imme- 
diately from  the  results  comprized  in  the  5th  coltunn  of  the 
table,  which,  as  before  observed,  proves  that  the  motions  were 
nearly  uniformly  accelerated.  And  from  this  property  it  fol- 
lows, that  there  is  always  a  constarit  part  of  the  weight  or 
power  employed  in  surmounting  the  friction  and  stiffness  of  the 
cords. 

"Nevertheless,"  adds  M. Coulomb,  *'  it  must  be  acknow- 
ledged, that  it  is  not  strictly  true,  that  the  au^entation  of 
velocity  does  not  augment  the  resistance  due  to  the  rigidity  of 
cordage.  This  augmentation  appears  especially  percef>tible 
when  the  cords  are  stretched  with  weights  or  by  forces  that  are 
under  100  pounds.  1  have  estimated,  by  many  trials,  that  in 
such  cases  a  velpcity  of  8  feet  per  second  woidd  increase  by 
nearly  a  pound  the  resistance  occasioned  by  the  stiffiiess  of  our 
cord  of  30  threads  in  a  yam:  but  this  augmentation  of  resist- 
ance seems  to  be  a  constant  quantity  £or  the  same  degree  of 
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velocity,  whatever  the  tension  maybe:  in  such  sort  that  it  ceAse^ 
to  be  perceptible  under  great  tensions,  and  that  there  are  bat 
very  few  circumstances  in  which  it  may  not  be  neglected  in 
practice :  ^tbis  augmentation  with  regard  to  the  velocity  appears, 
besides,  much  greater  in  new  than  in  old  cords,  and  in  tarred 
cords  than  in  those  which  are  white  or  untarred." 

42.  M .  Coulomb  deduces  from  these  experiments  the  fol* 
lowing  general  conclusions : 

(I.)  That  with  respect  to  practice,  in  all  rotatory  machines 
the  ratio  of  the  pressure  to  the  friction  may  always  be  supposed 
constant,  and  that  the  influence  of  the  velocity  is  too  small  to 
ueed  our  regard. 

(2.)  That  the  resistance  which  must  be  overcome  to  bend  a 
cord  over  a  roller  or  pulley  is  represented  by  a  formula  com- 
posed of  two  terms;  the  first  is  a  constant  quantity  independent 

of  the  tension,  and  of  the  form  —  (art.  31.)  where  a  is  a  con- 
stant quantity  determined  by  experience,  c^"  is  a  power  of  the 
diameter  (J  of  the  cqrd,  and  r  the  radius  of  the  roller;  the  second 

term  is  —  q,  where  6  is  a  constant  quantity,  d^  ii,  and  r,  as  be- 
fore, and  Q  the  tension  of  the  cord.  Thus  the  complete  for- 
mula expressing  the  stiffness  of  the  cord  is  —  (a-f  Aq).    The 

power  n  varies  according  to  the  flexibility  of  the  cord,  but  is 
usually  about  1*7  or  1*8,  or  the  resistance  is  near/y  proportional 
to  the  square  of  the  diameter  of  the  cord :  when  the  cord  is 
much  used  n  decreases  to  1*5.  or  even  1*4.  The  following  is  a 
sammary  of  results. 

White  1  ^'  ^^  threads  in  a  yam     .  — a=:4'2  .—'fr.lOOss  9*0 

Cord,  ")-15 =zi'2  .  .     .     =   5*1 

=0-2  .  .  =2-2 
=,6%  .^  .  =  11-6 
=  20  .  .  =  5-6 
=0-4     .    .     =2*4 


ni       ^\oi 80  threads  in  a  yarn 


6 

43.  Our  knowledge  of  the  nature  of  the  friction  of  axes,  and 
stiffness  of  cords,  though  confessedly  very  imperfect,  may  be 
introduced  into  the  computation  of  tlie  power  of  machines :  this 
may  be  illustrated  by  an  example  of  a  capstan  or  windlass^ 
where  the  general  formula  of  an  equilibrium  will  be  this : 

where  p  represents  the  power,  and  the  other  letters  as  below. 
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The  weight  to  be  eleyated,  is 

Q  =  lOOOlbs. 

The  radius  of  the  axis  or  pivot,  which  is  of  iron,  is 

r  =r  2  inches. 

This  axis  turns  in  a  box  of  copper :  the  radius  of  the  cylinder 

about  which  the  cord  is  rolled,  is 

r'  =s  10  inches. 
The  arm  of  the  capstan,  or  the  radius,  or  distance  at  which  iha^ 
men  exert  their  force,  is 

R  =  10  feet  ==  120  inches. 
Thepiyots  are  supposed  to  have  been  plastered  with  tallow  some 
time,  and  tha  instru(nen|i  often  used,  till  the  ratio  of  the  fric- 
tion to  the  pressure  is  reduced  to  that  of  experiment  15  in  the 
table  of  article  35.  whence  we  have  that  ratio,  or 

/=013S,and  •(!  +jy)  =7-5851. 

The  cord  is  supposed  tarred,  and  of  ISO  threads  in  a  yam, 
which  wiU  support  12  or  14000  lbs.  without  breaking.  Now 
a  tarred  cord  of  30  threads  hi  a  yam  requires  a  constant  effort 
equivalent  to  6*6lbs.  to  bend  it  about  a  roller  of  2  inches  radius, 
and  an  effort  proportional  to  the  tension,  of  1 1  *6  lbs.  for  a  quin- 
tal, or  1I6H)S.  for  lOOOlbs.  Here  the  radius  of  the  cylinder 
behig  10  inches,  we  must,  first  supposing  the  cords  equal,  dimi- 
nish these  efforts  in  the  ratio  of  10  to  2,  viz.  make  their  sum 
=  TO  (6.6  +  1 16)  for  lOOOlbs.,  and  n  ^  {6^6  +  ^TTTi)  for 
8000.  And  as  the  cord  is  of  120  threads  in  a  yarn  instead  of 
SO,  we  must  increase  the  last  result,  in  the  ratio  of  30  to  120, 
so  shall  we  ha?e  ^  x  |(6-6  +  928)  =  747*7  for  the  effort 
which  will  surmount  the  stiffness  of  the  cord,  that  is 

£;(a-hig)=:747-7. 

And  since  r'  :r  10,  we  have  d»(fl  -f-  6q)  n  7477. 
These  values  being  substituted  in  the  general  formula  it  be- 
comes 

p  X  120  =  (8000  X  10)  +  ^^p  +  7477. 

or,  p  =  666-6  +  17577  +  62-3  =  746-5 lbs. 
It  will  be  necessary  therefore  to  distribute  at  the  extremities 
of  the  bars  of  the  capstan  efforts  whose  sum  shall  be  equivalent 
to  746-5  lbs. :  that  is,  if  a  man  makes  an  effort  balancing  25  lbs., ' 
8<)  men  will  be  required  to  move  the  weight  of  8000ibs.     Had  , 
there  been  no  friction  and  were  the  cords  perfectly  flexible,  the 

8000 

force  necessary  would  have  been  only  — -  or  666*6,  less  tbaa 

the  other  by  almost  80  pounds,  a  difference  which  is  more  than 
equivalent  to  the  force  of  three  men.     So  that  in  this  example 
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the  friction  and  rigicBly  of  tbe  cord  require  an  increase  of  be- 
tween an  8th  and  a  9th  of  tbe  whole  power  which  wouM  odief* 
wise  have  been  requisite.  ^   - 

This,  however,  we  wish  to  be  received  only  as  an  approxima- 
tiMu  The  details-  which  have  been  here  entered  into  will,  we 
trusty  be  found  of  some  utility  in  directbg  the  piBctice,  and 
may  furnish  some  hints  to  those  who  have  time  and  inclina- 
tion to  adopt  other  s^es  of  well-conducted  experinneBts; 
and  thus  supply  these  most  important  desiderata  in  .pvacticat 
mechanics. 

On  Uie  Energy  of  First  Movers. 

44.  The  consideration  of  the  absolute  aild  relative  forces  of 
different  kinds  of  first  movers  is  of  too  great  consequence  in  the 
application  of  mechanics  to  be  entirely  omitted  in  this  perform- 
ance :  v\e  shall,  therefore,  present  the  reader  with  some  ob- 
servations and  tables  respecting  the  chief  classes  of  powers  used 
to  drive  machinery,  viz.  water,  air,  steam,  gunpowdisr,  aad 
animal  exertion. 

Water  is  generally  made  to  operate  upon  machines  by  meant 
of  its  momentum  when  in  motion :  but  it  nuiy  also  he  usedj 
and  that  as  a  very  powerful  mover,  when  acting  by  its  pressure 
merely.  In  the  theory  of  hydrostatics  (art  387.)  we  ex- 
plained the  principle  of  the  hydrostatical  paradox,  in  which  it 
is  asserted  tnat  any  quantity  of  water  or  other  fluid  may  be 
made  to  support  any  other  quantity  or  any  weight  however 
great,  and  indeed  to  raise  the  greater  weight  until  ft  reaches 
such  a  height  as  ensures  the  equilibrium.  Thus  in  the  hydros 
static  bellows  the  weight  of  a  few  ounces  of  water  is  made  to 
raise  several  hundred  pounds.  And  in  like  manner  Otto  Gue- 
ricke  of  Magd(;burg  made  a  child  balance,  and  even  overcome, 
the  pull  exerted  by  the  emperor^s  six  coach  horses,  merely  by 
sucking  the  air  from  beneath  a  piston.  This  great  power  de* 
pends  upon  the  fundamental  property  of  fluids,  that  they  press 
eijually  in  all  directions.  Mr.  Bramah  some  time  ago  obtained 
a  patent  for  a  machine  acting  as  a  press  on  this  principle  of  the 
quaqua  versum  pressure  of  fluids :  A  piston  of  \  of  an  inch 
diameter  forces  water  into  a  cylinder  of  12  inches  diameter, 
and  by  this  intervention  raises  the  piston  of  the  cylinder :  sa 
that  a  boy  acting  with  a  fourth  part  of  his  strength  on  die 
small  piston  by  means  of  a  lever  can  raise  about  940.^0  lbs«  or. 
42  tons  pi  essing  6u  the  great  piston ;  the  increase  of  power 
being  as  1  lo  4*  x  15*  or  1  to  2J504.  fhis  contrivance  will  be 
more  minutely  explained  imder  the  article  Bramah's  machine^ 
in  the  alphabetical  part  of  this  voliime. 
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45.  As  to  theeffect  of  water  in  motion^  it  will  manifestly  depend 
upon  the  quantity  of  fluid  and  it:*  velocity  jointly.  When  the 
^aterruns  through  a  notch  or  an  orifice  of  a  regular  form  situated 
ID  the  bottom  or  side  of  a  reservoir^  the  quantity  discharged  in  any 
given  time  may  be  determined  by  the  rules  laid  down  for  thos^ 
purposes  in  voL  1 .  Book  IV.  If  s^  be  the  area  of  any  plane  ex« 
posed  to  the  action  of  a  current  of  water,  and  i7the  velocity  pef 
second  with  which  the  fluid  strikes  the  plane,  then  will  tfie  force 
of  the  fluid  be  equivalent  to  the  weight  of  a  volume  of  water 

expressed  by  -^-,  where  g  represents  92^  feet,  on  the  |suppo« 

sition  that  the  water  strikes  the  plane  directly:  but  if  the  fluid 
strike  the  plane  obliquely  and  I  represent  the  angle  of  incidence^ 
the  force  will  be  equivalent  to  the  weight  of  the  colunm 

-^  sin  *i.     Or,  since  a  cubic  foot  of  water  weighs  62  J  lbs. 

averd.  if  v  and  s  be  expressed  in  feet  we  shall  have    ^  - 

sin  *i  =  '971502   sin  *i  v^  i*  lbs.  averd.  for  the   equivalen 
weight,  which  becomes  barely  *971502vV  lbs.  when  ue  plane 
is  dJrectly*opposed  to  the  fluid.     See  also  art.  467*  vol,  i. 

46.  In  the  determination  of  the  velocity  of  the  stream  it  will 
be  necessary  either  to  ascertain  the  height  h  tbroush  which  the 
water  has  fallen  freely,  as  (torn  the  end  of  a  spout,  when  V{2gk\ 
or  nearly  8A,  will  sliew  the  velocity,  h  being  in  feet ;  or  when 
the  water  Issues  through  an  orifice  in  the  bottom  or  side  of  a 
resen'oir,  to  have  lecourse  to  Chap.  1  and  2.  Book  IV.  vol.  !• 
before  referred  to".  If  the  stream  be  ample  without  nmch  falL 
such  i|s  must  necessarily  be  applied  to  move  an  undershot  wheel 
by  its  impulse,  the  power  will  be  determinable  from  the  v^ 
locity  of  the  water  aud  the  quantity  which  passes  through  the 
section  of  its  bed.  Dr.  Desagnliers,  in  hb  Experimental  Phi- 
losophy, vol.  .11.  pi|.  419.  gives  the  following  easy  method  of 
a»c£rtaining  these  data :  Observe  a  place  where  the  banks  of  the 
river  are  steep  and  nearly  parallel,  so  as  to  make  a  kind  of 
trough,  for  the  water  to  run  through,  and  by  taking  the  depth 
at  various  places  in  crosshig'make  a  true  section  of  the  river* 
Stretch  a  string  at  right  angles  over  it,  and  at  a  small  distance 
another  paiallcl  to  the  first.  Then  take  an  apple,  an  orange, 
or  otiier  small  ball,  just  so  much  lighter  than  water  as  to  swim  ia 
it,  and  throw  it  into  the  water  above  the  striugs«  Observe  when 
it  comes  under  the  first  string,  by  means  of  a  half  second  pen^ 
dolum,  %  stop-watch,  or  any  other  proper  instrument;  and  ob- 
serve likewise  when  it  arrives  at  the  second  string.  By  these 
means  the  velocity  of  tlie  upper  surface,  which  in  practice  mav 
generallif  be  taken  for  that  of  the  wholc^  will  be  obtained.    Aud 

VOL.  II.  fi 
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the  section  of  tbe  river  at  the  second  string  must  be  ascertainecf 
by  taking  various  depths,  as  before.  If  this  section  be  the  sofne 
as  the  former,  it  may  be  taken  for  the  mean  section :  if  not^ 
add  both  together,  and  take  half  the  sum  for  the  mean  section* 
'^  Then  the  area  of  the  noean  section  in  square  feet  being  multi- 
plied by  the  distance  between  the  strings  in  feet,  will  give  the 
contents  of  the  water  in  solid  feet,  which  passed  from  one  string 
to  the  other  during  the  time  of  observation ;  and  ihis  by  the 
rule  of  three  may  be  adapted  to  any  other  portion  of  time.^ 
Suppose,  for  example,  the  time  were  1 2^^,  and  the  hourly  expen- 
diture of  water  were  required,  the  proportion  would  be,  as. 
12"  :  3600''  :  :  the  number  of  cubic  feet  between  the  two- 
strings  :  the  hourly  expenditure  in  cubic  feet.  If  the  mere  ve- 
locity be  required  with  reference  to  any  fixed  interval  of  time^ 
a  similar  proportion  will  give  it,  only  observing  to  take,  instead 
of  the  solid  content  or  capacity  in  the  third  term^  the  distance 
between  the  two  strings. 

The  operation  may  often  be  greatly  abridged  by  taking  notice 
of  the  arrival  of  the  floating  body  opposite  two  stations  on  tbe 
shore,  especially  when  it  is  not  convenient  to  streteh  a  string 
across.  An  arch  of  a  bridge  is  a  good'  station  for  an  exp^ 
riment  of  this  kind,  because  it  affords  a  very  regular  sectioir 
and  two  fixed  points  of  observation  :  and  in  some  mstances  the 
sea  practice  of  heaving  the  log  may  be  advantageous.  Where 
a  time-piece  is  not  at  hand,  the  observer  may  easily  construct  a 
half-seconds  or  quarter-seconds  pendulum :  the  former  may  be 
made  by  suspending  a  small  round  (not  flat)  button,  or  other 
apherical  weight,  by  a  thread  looped  over  a  pin  of  such  a  length 
that  the  distance  from  the  point  of  suspension  to  the  centre  of 
the  weight  shall  be  9*8  inches :  the  quarter-seconds  pendulum 
must  be  a  fourth  of  this  length.  If,  by  observations  at  several 
stations  above  and  below  any  particular  point  of  the  river,  the 
Telocity  does  not  appear  to  vary,  the  section  of  the  river  in  all 
that  space  may  be  considered  as  uniform ;  and  it  will  not  \m 
necessary  to  determine  more  than  one  section  by  actual  measure- 
ment. 

47.  The  effect  of  undershot  and  overshot  wheels  has  been 
yery  variously  stated  by  different  authors;  the  most  valuable  and 
correct  observations  are  those  of  Mr.  Smeaton,  an  abstract  of 
which  was  given  in  Chap.  4.  Book  IV.  vol.  I.  The  numerous 
practical  remarks  and  experiments  related  in  that  chapter  and 
the  second  chapter  of  the  same  book,  will  render  it  unnecessary 
for  us  now  to  dwell  longer  upon  the  effects  of  water  as  a  movei 
of  machinery. 

48.  Air  is  the  next  natural  mover  we  propose  to  consider. 
And  this,  like  water,  may  be  regarded  either  as  at  rest,  or  in  mo- 
tioiu    The  pressure  of  the  atmosphere  in  a  medium  state  b. 
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^uivalent  to  the  \veigfat  of  14|  or  15  lbs.  averdupois  on  a 
squate  incby  and  this  pressure  will  support,  and,  by  means  of  a 
sucking  pump,  raise  water  to  the  height  of  about  33  feet;  it 
supports  mercury  in  the  barometer  at  the  height  of  28  to  32 
inches. 

The  density  of  air  It,  at  a  medium,  about  833  times  less  than 
that  of  water :  if  we  take  round  numbers  and  reckon  800  to  1 
for  the  ratio  of  the  densities,  and  put  5^  for  the  surface  on  Mhich 
the  wind  strikes,  v  for  the  velocity  with  which  it  moves,  and  i 
for  the  angle  of  incidence,  then  the  force  of  the  wikid  will  be 
eotial  to  the  weight  of  a  volume  of  water  expressed  by    i^. 

—  sin  M  =:  •0012144  t?Vsin*i  lbs.  averdupois. 

This  formula,  however,  is  only  an  approximation,  and  would 
lead  to  considerable  errors  when  the  velocities  are  great :  on 
diis  subject  we  have  treated  pretty  fully  in  art.  554, 8cc«  Book  V. 
vol.  I.,  where  the  tables  of  Dr.  Hutton,  Mr.  Rouse,  &c.  are 
exhibited  :  the  following  is  Mr.  Rouse's  table  of  velocity  and 
corresponding  force  in  the  form  it  was  originally  given  by  Mr. 
Smeaton ;  but  the  form  in  which  it  is  thrown  in  art.  554  is 
more  useful. 


Velocity  of  the 
Wind. 

Perpendi- 
cular force 
on  one  sijuare 
foot,  m 

Miles 

=: feet  in 

in  one 
hour. 

one 
second. 

averdupois 
pounds. 

I 

1-47 

•005 

2 

2-93 

•020 

8 

4-40 

-044 

4 

5-87 

-079 

5 

7-33 

•123 

10 

14-67 

•492 

15 

22-00 

1-107 

20 

29-34 

1-968 

25 

36-67 

3-075 

SO 

44-01 

4-429 

35 

51-34 

6-027 

40 

58-68 

7-873 

45 

66-01 

9-963 

50 

73-35 

12-300 

60 

88-02 

17-715 

80 

117-36 

31-490 

100 

146-70 

49-200 

e2 
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49.  As  It  is  not  easy  to  observe  the  true  velocity  of  the  ivindt 
and  thence  determine  its  force,  several  philosophers  have  in- 
vented instruments  called  Anemometers  or  wmd  gi^ea,  by 
which  theybrc^  of  die  wind  may  be  ascertained  independent  of 
its  velocity.  M.  Bouguer  contrived  a  very  simple  instrument 
for  this  purpose:  it  is  a  hollow  tube  a  abb  (fig*  5.  pi.  I.)  in 
which  a  apiral  spring  cD  is  fixed;  that  may  be  more  or  less 
compressed  by  a  rod  fsd  passing  through  a  hple  within  the 
tube  at  A  A.  Having  observed  to  what  degree  different  forces 
or  given  weights  are  capable. of  compressing  the  spiral,  put  <li* 
visions  upon  the  rod  in  such  a  manner  that  the  mark  observed 
at  s  in  all  positions  of  that  rod  shall  indicate  the  weight  requisite 
to  force  the  spring  into  the  corresponding  position  cd.  Aftei^ 
wards  join  "perpendicularly  to  this  rod  at  f  a  plane  surface  efb 
of  a  given  area^  either  greater  or  less^  as  may  be  judged  proper  t 
then  nothing  more  is  necessary  than  to  oppose  this  instrument 
to  the  wind;  in  order  that  it  may  strike  the  surface  in  the  direc- 
tions vEfYE,  parallel  to  that  of  the  rod ;  and  the  mark  at  s  will 
shew  the  weight  to  which  the  wind  is  equivalent.  It  vrill  then 
be  easy  to  reduce  any  observed  force  to  a  volume  of  water 
equivalent  to  it  in  ener^ ;  and  so  in  all  cases  ascertain  the  mag- 
nitude of  the  force  which  the  wind  exerts. 

69.  The  most  usual  method  of  applying  wind  as  a  mover  of 
machinery  is  in  the  construction  of  windmills  for  different 
purposes,  in  which  .the  wind  produces  its  effect  by  impulse  upon 
the  sails.  In  these  machines,  therefore;  whatever  varieties  there 
may  be  in  the  internal  structure,  there  are  certain  rules  wi& 
reeard  to  the  position,  shape,  and  magnitude  of  the  sails,  which 
will  bring  them  into  the  best  state  for  the  action  of  the  wind, 
and  the  production  of  useful  effect.  These  particulars  have 
been  con!»idered  much  at  large  by  Mr.  Smeaton :  for  this  pur- 
pose he  constructed  a  machine  of  which  a  particular  description  is 
given  iir  the  Philosophical  Transactions,  vol.  5 1 ,  or  in  the  quarto 
collection  of  his  '*  Miscellaneous  Papers,'^  p.  55.  By  means  of 
a  determinate  weight  it  carried  round  an  axis  with  an  hoiizontal 
arm,  upon  which  were  four  small  moveable  sails.  Thus  the 
sails  met  with  a  constant  and  equable  blast  of  air ;  and  as  they 
moved  round,  a  string  with  a  weight  affixed  to  it  was  wound 
about  their  axis,  and  thus  showed  what  kind  of  size  or  construc- 
tion of  sails  answered  the  purpose  best.  With  this  machine  a 
great  number  of  experiments  were  made ;  the  results  of  which 
were  as  follow : 

(1.)  The  sails  set  at  the  angle  with  the  axb,  proposed  as  the 
best  by  M.  Parent  and  others,  viz.  55*,  was  found  to  be  tlie 
worst  proportion  of  any  that  was  tried. 

(2»)  When  the  angle  of  the  sails  with  the  axis  was  increased 
from  72*  to  15%  the  power  was  augmented  in  the  proportion 


Digitized  by 


Google 


Wind  as  a  Mofoer  (f  Machinery.  5S 

o^  SI  to  45 ;  and  this  is  the  angle  most  commonly  in  use  when 
tbe  sails  are  planes.     See  art.  547.  vol.  i. 

(S.)  Were  nothing  m*ore  requisite  than  to  cause  the  sails  to 
ficquire  a  certain  degree  of  velocity  by  the  wind,  the  position 
f€Coni mended  by  M.  Parent  would  be  the  best.  13ut  if  the  sails 
are  intended  \?ith  given  dimensions  to  produce  the  greatest  « 
effects  possible  in  a  given  time,  we  must,  if  planes  are  made  use 
of,  Conine  our  angle  within  the  limits  of  72  and  75  degrees. 

(4.)  The  variation  of  a  degree  or  two,  when  the  angle  is  near 
the  best,  h  but  of  little  consequence. 

(5.)  When  the  wind  falls  upon  concave  sails  it  is  an  advan- 
tage to  the  power  of  tbe  whole,  though  each  part  separately 
iaken  should  not  be  disposed  of  to  the  best  advantage. 

(6.)  From  several  experiments  on  a  large  scale,  Mr.  Smeaton 
lias  found  the  following  angles  to  answer  as  well  as  any.    The 
ralius  is  supposed  to  be  divided  into  six  parts ;  and  ^th,  reckon- 
ing from  the  centre,  is  called  1,  tbe  extremity  being  denoted  6« 
^„  Angle  with  Angle  with 

N«-  l£S«is.  the  pane  of 

motion* 

X  ^2*  IS** 

8  71  19 

5  12  18  middle. 
4                                 74  .                              U 

%  77J  12J 

6  83  7  extremity. 
(7.)  Having  thus  obtained  the  best  method  of  weathering  the 

-sailsy  u  e.  the  most  advantageous  manner  in  which  they  can  be 
placed,  our  author's  next  care  was  to  try  what  advantage  could 
Jbe  derived  from  an  increase  of  surface  upon  the  same  radius. 
The  result  was,  that  a  broader  sail  requires  a  larger  angle ;  and 
when  the  sail  is  broader  at  the  extremity  than  near  the  centre, 
the -figure  is  more  advantageous  than  that  of  a  parallelogram. 
The  figure  and  proportion  of  enlarged  sails,  which  our  author 
determines  to  be  most  advantageous  on  a  large  scale,  is  that 
where  the  extreme  bar  is  one-third  of  the  radius  or  whip  (as  tbe 
workmen  call  it),  and  is  divided  by  the  whip  in  the  proportion 
of  3  to  5.  The  triangular  or  loading  sail  is  covered  with  board 
from  the  point  downward  of  its  height,  the  rest  as  usual  with 
cloth.  The  angles  above  mentioned  are  likewise  the  most 
proper  for  enlarged  sails ;  it  being  found  in  practice,  that  the 
sails  shoold  rather  be  too  little  timi  too  much  exposed  to  the 
direct  action  of  the  wind. 

Some  have  imagined,  that  the  more  sail  the  greater  would  be 
the  power  of  the  windmill,  and  have  therefore  proposed  to  fill 
up  Uie  whole  area  ^  and  hif  makiim  each  sail  a  sector  of  au  ellip- 
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BIS,  according  to  M.  Parent's  method,  to  intercept  the  wbole 
cylinder  of  wnid,  in  order  to  produce  the  greatest  effect  possible. 
From  our  author's  experiments,  however,  it  appeared,  that 
when  the  surface  of  all  the  sails  exceeded  seven-eighths  of  the 
area,  the  effect  was  rather  diminished  than  augmented.  Hence 
he  concludes,  that  when  the  whole  cylinder  of  wind  is  inter- 
cepted, it  cannot  then  produce  the  greatest  effect  for  want  of 
proper  interstices  to  escape. 

'  '*  It  is  certainly  desirable  (says  Mr.  Smeaton),  that  the  sails 
of  windmills  should  be  as  short  as  possible ;  but  it  is  equally 
desirable,  that  the  quantity  of  cloth  should  be  the  least  that 
may  be,  to  avoid  damage  by  sudden  squalls  of  wind.  The  best 
structure,  therefore,  for  large  mills,  is  that  where  the  quantity 
of  cloth  is  the  greatest  in  a  given  circle  diat  can  be :  on  this 
condition,  that  the  efiect  holds  out  in  proportion  to  the  quantity 
of  cloth ;  for  otiierwise  the  effect  can  be  augmented  in  'a  given 
degree  by  a  lesser  increase  of  cloth  upon  a  larger  radius  than 
would  be  required  if  the  cloth  \>'as  increased  upon  the  satne 
radius." 

(8.)  The  ratios  between  the  velocities  of  windmill  sails  un- 
loaded, and  when  loaded  to  their  maximum,  turned  out  very 
different  in  different  experiments ;  but  the  most  common  proper^ 
%\ou  was  as  3  to  2.  In  general  it  happened  th^it  where  the  power 
was  greatest,  whether  by  an  eidargement  of  the  surface  of  the 
sails  or  an  increased  velocity  of  the  mnd,  the  second  term  of  the 
ratio  was  diminished. 

?9.)  The  ratios  between  the  least  load  that  would  stop  the 
sails  and  the  maximum  with  which  they  would  turn,  were  con- 
fined betwixt  that  of  10  to  8  and  10  to  9 ;  being  at  a  medium 
about  10  to  8*3,  and  10  to  9,  or  about  6  to  5 ;  though  on  the 
whole  it  appeared,  that  where  the  angle  of  the  sails  or  quantity 
of  cloth  was  greatest,  the  second  terni  of  the  ratio  was  less. 

(10.)  The  velocity  of  windmill  lails,  whether  unloaded  or 
loaded,  so  as  to  produce  a  maximum,  is  nearly  as  the  velocity 
of  the  wind,  their  shape  and  position  being  the  same.  On  this 
subject  Mr.  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  with  what  velocity  the  tips  of  the  sails  move  when  acted 
upon  by  a  moderate  wind.  He  has  several  times  counted  the 
ntunber  of  revolutions  made  by  the  sails  in  10  or  15  minutes; 
and,  from  the  length  of  the  arms  from  tip  to  tip,  has  computed, 
that  if  an  hoop  of  the  same  size  w'ere  to  run  upon  plain  groimd 
with  an  equal  velocity,  it  would  go  upwards  of  30  miles  in  an 
hour. 

(11.)  Tlie  load  at  the  maximum  is  nearly,  but  somewhat  less 
than,  as  the  square  of  the  velocity  of  the  wind ;  the  shape  and 
position  of  the  sails  being  the  same.  ^ 
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{li.)  The  eJBfects  of  the  same  sails  at  a  maximum  are  nearly, 
%ut  somewhat  less  than,  as  the  cubes  of  the  nielocity  of  the 
fwind. 

(IS.)  The  load  of  the  same  sails  at  a  maximum  is  nearly  as 
4he  squares,  and  the  effect  aslhe  cubes  of  their  number  of  turns 
in  a  given  time« 

(14.)  When  sails  are  loaded  so  as  to  produce  a  maximum  at 
m  given  velocity,  and  the  velocity  of  the  wind  increases,  the 
load  continuing  the  same,;  then  the  increase  of  effect,  when 
the  increase  of  the  velocity  of  the  wind  is  smaH,  will  be  nearly 
as  the  squares  of  these  velocities :  but  when  the  velocity  of  the 
'Wind  is  double,  the  effects  will  be  nearly  as  10  to  27| ;  and  wlien 
the  velocities  compared  are  more  than  .double  of  that  where 
,the  given  load  produces  a  maximum,  the  effects  increase  nearly 
in  a  simple  ratio  oi  the  yelocity  of  the  wind.  Hence  our  author 
, concludes,  that  windmills,  such  as  the  different  species  for 
draining  water.  Sic.  lose  much  of  their  effect  by  acting  against 
one  invariable  opposition. 

(15.)  In  sails  of  a  similar  figure  and  position,  the  number  of 
.turns  in  a  given  time  wiU  be  reciprocally  as  the  radius  or  length 
of  the  sail. 

(16.)  The  load  at  a  maximum  that  sails  of  a  similar  figure  and 
^position  will  overcome,  at  a  given  distance  from  the  centre  of 
motion,  will  be  as  the  cube  of  the  radius. 

(17*)  The  effects  of  sails  of  similar  position  and  figure  are  as 
the  square  of  the  radius.  Hence  augmenting  the  length  of  the 
«ail  without  augmenting  the  quanti^  of  cloth,  does  not  increase 
the  power ;  because  what  is  gained  by  length  of  thdever  is  lost 
by  die  slowness  of  die  motion.  Hence  also,  if  the  sails  are  in- 
x:Teased  in  length,  the  breadth  remaining  the  same  the  effect 
.will  be  as  the  radius. 

(IB.)  The  velocity  of  the  extremities  of  the  Dutch  sails,  as 
well  as  of  the  enlarged  sails,  either  unloaded  or  even  when 
loaded  to  a  maximum,  is  considerably  greater  than  that  of  the 
wind  itself.  This  appears  plainly  from  the  observations  of 
Mr.  Ferguson,  already  related,  concerning  the  velocity  of  sails. 

(19.)  From  many  obsc^rvations  of  the  comparative  effects  of 
sails  of  various  kinds,  Mr.  Smeaton  concludes,  that  the  enlaiged 
sails  are  superior  to  those  of  the  Dutch  construction. 

(20.)  He  also  makes  several  just  remarks  upon  those  wind- 
mills which  are  acted  upon  by  the  direct  impulse  of  the  wind 
against  saDs  fixed  to  a  vertical  shaft:  his  objections  have,  we 
believe,  been  justified  in  every  instance  by  the  inferior  efficacy 
of  these  horizontal  mills. 

"  The  disadvantage  of  horizontal  ^lindmills  (says  he)  does  not 
consist  in  this,  that  each  sail,  when  directly  opposed  to  the  win(^ 
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is  capable  of  a  less  power  than  an  oblique  one  of  tlie  sam^  <& 
mensioQS ;  but  that  in  an  horizontal  windmill  little  more  ihsm 
one  sail  can  be  acting  at  once ;  whereas  in  the  common  wind* 
mill,  all  the  four  act  together ;  and  therefore,  supposing  each 
vane  of  an  horizontal  windmill  to  be  of  the  same  size  with  that 
of  a  vertical  one,  it  is  manifest  that  the  power  of  a  vertical  mill 
will  be  four  times  as  great  as  that  of  an  horizontal  one,  let  the 
number  of  vanes  be  what  they  will.  This  disadvantage  arises 
from  the  nature  of  the  thing ;  but  if  we  consider  the  further 
disadvantage  that  arises  from  tlie  difficulty  of  getting  the  sails 
back  again  against  the  winds,  &c.  we  need  not  wonder  if  this 
kind  of  mill  is  in  reality  found  to  have  not  above  one-eighth  or 
one-tenth  of  the  power  of  the  common  sort ;  as  has  appeared 
in  some  attempts  of  this  kind." 

51.  Another  first  mover,  of  whose  effects  it  may  be  proper  to 
give  some  account,  isjired  gunpowder.  These  effects  are  too 
violent  and  sudden  to  allow  of  their  being  applied  to  man/ 
practical  purposes  (the  chief  use  of  gunpowder  being  in  the 
discharge  of  balls  and  shells  from  guns  and  mortars) ;  but  they 
are  so  prodigious  and  extraordinary,  and  are  so  important  ip 
the  art  of  war,  that  it  may  be  naturally  expected  we  should 
give  some  estimate  of  them  in  this  place. 

Now  to  understand  the  force  of  gunpowder  it  must  be 
considered  that  whether  it  be  fired  in  a  vacuum  or  in  air,  if 
produces  bj  its  explosion  a  permanently  elastic  fluid :  and  it 
appears  from  experiment  that  the  elasticity  or  pressure  of  tb^ 
fluid  produced  by  this  firing  of  .gunpowder  is,  ceteris  paribus^ 
directly  as  its  density. 

To  determine  the  elasticit}*  and  quantity  of  this  fluid  pro« 
duced  from  the  explosion  of  a  given  quantity  of  gunpowder^ 
Mr.  Robins  premises,  that  the  elasticity  increases  by  heat,  and 
diminishes  by  cold,  in  the  same  manner  as  that  of  the  air;  and 
thirt  the  density  of  this  fluid,  and  consequently  its  weight,  is  the 
same  with  the  weight  of  an  equal  bulk  of  air,  having  the  same 
elasticity  and  the  same  temperature.  From  these  principlea^ 
and  from  the  experiments  by  which  they  are  established  (for  a 
detail  of  which  we  must  refer  to  the  book  itself),  he  concludes 
that  the  fluid  produced  by  the  firing  of  gunpowder  is  nearly  ^ 
of  the  weight  of  the  gjenerating  powder  itself;  and  that  the 
yolnme  or  bulk  of  this  air  or  fluid,  when  expanded  to  the  rarity 
of  common  atmospheric  air,  is  about  244  times  the  bulk  of  the 
said  generating  powder. — Count  Saluce,  in  his  Miscel.  Phil. 
]^(athem•  Soc.  Priv.  Taurin.  p.  125,  makes  the  proportion  as 
2^2  to  1  ;  which  he  says  agrees  with  die  computation  of  Messrs. 
Hauksbee,  Amontons,  and  Belidor. 

Hence  it  would  follow  that  any  quantity  of  powder  fired  iq 
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mijr  confined  space,  which  it  adequately  fills,  exerts  at  the  in- 
atant  of  its  explosion  against  the  sides  of  the  vessel  containing  it, 
and  the  bodies  it  impels  before  it,  a  force  at  least  244  times 
fCr^eater  than  the  elasticity  of  common  air,  or,  which  is  the  same 
thing,  than  the  pressure  of  the  atmosphere ;  aod  this  witfiout 
considering  die  great  addition  arising  from  the  violent  degree  of 
heat  with  which  it  is  endued  at  that  time;  the  quantity  of 
"which  augmentation  is  the  next  head  of  Mr.  Robins's  enquiry. 
He  determines  that  the  elasticity  of  the  air  is  augmented  in  a 
proportidn  somewhat  greater  than  that  of  4  to  1,  when  heated 
to  the  extremest  h^t  of  red-hot  iron;  and  supposing  that  die 
flame  of  fired  gunpowder  is  not  of  «  less  degree  of  heat,  in« 
.creasing  the  former  number  a  little  more  than  4  times,  makes 
nearly  1000;  which  shews  that  the  elasticity  of  the  flame,  at  the 
moment  of  explosion,  is  about  1000  times  stronger  than  the 
^elasticity  of  common  air,  or  than  the  pressure  of  the  atmosfriiere* 
But,  from  the  height  of  the  barometer,  it  is  known  that  the 
pressure  of  the  atmosphere  upon  every  square  inch  is  on  a 
medium  of  14^ lb;  and  therefore  IpOO  times  this,  or  147501b. 
}B  the  force  or  pressure  of  the  flame  of  gunpowder,  at  the  mo- 
ment of  explosion,  upon  a  sguare  inch,  which  is  very  nearly 
equivalent  to  6  tons  and  a  half 

*  This  great  force,  however,  diminishes  as  the  fluid  dilatesitself, 
jindin  that  proportion,  viz.  in  proportion  to  the  space  it  occn- 
jpies,  it  being  only  half  the  strength  when  it  occupies  a  double 
.^ace^  one-third  the.  strength  wheii  die  triple  space,  and  ao  on* 

Mr.  Robins  further  supposed  the  degree  of  heat  above  men^ 
jtioned  to  be  a  kind  of  medium  heat;  but  that  in  the  case  of 
large  quantities  of  powder  the  heat  wUl  be  higher^  and  in  rery 
fmall  quantities  lower ;  and  that  therefore  in  die  former  case 
the  force  will  be  somewhat  more,  and  in  the  latter  somewhat 
less,  than  1000  times  the  force  of  the  atmosphere. 

He  further  found  that  die  strength  of  powder  is  the  same  m 
all  variations  in  the  density  of  the  atmosphere:  but  that  the 
IDoisture  of  the  air  has  a  great  effect  upon  it ;  for  the  same 
quaEtity  which  m  a  dry  season  would  discharge  a  bullet  with  a 
Tdocity  of  1700  feet  in  one  second,  will  not  in  damp  wealher 
give  it  a  velocity  of  more  than  12  or  1 300  feet  in  a  second,  or 
ei^n  less,  if  the  powder  be  bad,  and  negligendy  kept  Robios's 
Tracts,  vol.  1,  p.  101,  &c.  Further,  as  there  is  a  certain 
quantity  of  water  which,  when  mixed  with  powder,  w|U  pr<ef 
vent  its  firing  at  all,  it  cannot  be  doubted  but  every  d^p«e  of 
moisture  must  abate  the  violence  of  the  explosion ;  and  heaoe 
die  effects  of  damp  powder  are  not  difficult  to  account  for. 

Thb  velocity  of  expansion  of  the  flam^of  goopowder^  wheu 
^i«d  in  a  piece  of  artillery^  without  either  buU^  or  otbea  body 
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before  it,  is  prodigiously  great,  viz.  7000  feet  per  second,  or 
upwards,  according  to  the  experiments  of  Mr.  Robins.  But 
M.  BeruouUi  and  M.  Euler  think  it  is  stiii  much  greater. 

Dr.  Hutton,  after  applying  some  requbite  corrections  to  Mr^ 
Robins's  numbers,  and  after  remarking  that  the  powder  does 
not  all  inflame  at  once,  as  well  as  that  about  tit  of  it  consists  of 
gr«ss  matter  not  convertible  into  an  elastic  fluid,  gives  v  s^ 

^25  \/ I  16+7  ^  ^S-  ^^T  )  ^^^  ^  initial  velocity  of  any 

Jball  of  given  weight  and  magnitude,  and  n  =   q\^^*  ^*  "^  log-~ 

for  the  value  pf  the  initial  force  n  of  the  powder  in  atmospheric 

Pressures :  where  a  =  length  of  the  bore  occupied  by  the  charge, 
=  whole  length  of  the  bore,  c/=:  diameter  of  die  balli  ti;=sit8 

.weight,  2j}r=  weight  of  the  powder,  (7=-^-.    In  his  experim^its 

and  resists  he  found  n  to  vary  between  1700  and  2300;  and 
^e  velocity  of  the  flame  to  vary  between  SQOO  and  4732 ;  spe- 
cifying,  however,  the  modification  in  his  computations  wiucb 
would  give  more  tban  7000  feet  per  secoqd  for  that  veIocitj« 
Taking  2200  for  an  average  value  of  n,  and  substituting  47  fof 
its  square  root  i9  the  Above  formula  for  v,  it  becomes  v  z^ 

i875A/(f6^  ^  Jog-  of -^^  for  the  velocity  of  the  ball;  ^ 

theorem  which  agrees  remarkably  well  with  the  doctor's  num^ 

rous  and  valuable  experiments.  (7V(ic/«,  vol.iii.  pp.290 — 315.) 

In  a  French  work  entitled  ^*  Le  Mouvement  Igtie,  consid6r£ 

})rincipalement  dans  la  charge  d'une  Pi^ce  d'Artjillerie,''  pub- 
ished  in  1809,  there  are  advanced,  among  some  notions  which 
:we  apprehend  few  philosophers  will  be  inclined  to  adopt,  som^ 
which  may  demand  and  deserve  a  careful  consideration.  The 
author  of  this  work  observes  that  if  a  fluid  draws  its  force,  partly 
from  a  gaseous  or  aeriform  matter,  and  partly  from  the  action 
of  caloric,  which  rarefies  that  triform  matter ;  then  its  density 
in  the  process  of  dilatation,  will  follow  the  inverse  ratio  of  this 
spaces  described,  and  at  the  same  time  the  intensity  of  the  heat 
M'ill  follow  the  same  ratio :  so  that  the  force  of  the  totality  of 
the  fluid  will  conform  to  the  inverse  ratio  of  the  squares  of  the 
spaces  described.  He  then  investigates  two  classes  of  formulae : 
the  first  appertain  to  fluids  which  possess  simply  the  fluid  or 
aeriform  elasticity,  which  are  free  from  all  heat  exceeding  the 
temperature  of  the  atmosphere ;  whether  there  be  one  or  many 
gaseous  substances  signifies  not,  provided  their  temperature 
agrees^  with  that  of  the  atmosphere ;  for  when  these  dilate  they 
seonform  to  the  inverse  ratio  of  the  spaces  described.    Hi^ 
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second  relate  to  those  Mrhich  derive  their  elasticity  as  M'ell  from 
the  aeriform  fluids  as  from  the  matter  of  heat  >vhich  pervadeif 
them,  and  which  are  denominated  ^i/iA  ofmixt  elasticity j  to 
distinguish  them  from  those  of  simple  or  purely  airiform  elas- 
ticity: these  fluids,  in  dilating,  conform  to  the  inverse  ratio  of 
the  squares  of  the  spaces  described.  Thus  the  celerity  of  action 
of  mixed  elastic  fluids,  is  to  that  of  simple  elastic  fluids,  as  s^  to 
f ;  whence  it  follows  that  mixed  elastic  fluids  are  more  prompt 
and  energetic  in  their  action  than  others ;  and  hence  also  is  in- 
ferred why  the  fluid  produced  by  the  combustion  of  gunpowder 
is  more  impetuous  and  more  terrible  in  its  operation  than 
atmospheric  air,  however  compressed  it  may  be.  The  ior^e 
exerted  by  the  caloric  to  dissolve  a  quantity  of  powder,  is  re- 
garded as  equal  to  that  possessed  by  the  fluid  which  results 
from  that  dissolution,  and  is  named^brce  of  dissolution  of  pow- 
der by  fire :  and  the  surface  of  least  resist ancCy  is  that  (as  of  the 
faall)  ^hich  yields  to  the  action  of  the  fluid.  The  gunpowder 
subjected  to  experiment  by  this  author,  was  of  seven  different 
qualities,  varying  from  1000  the  density  of  water,  down  to  946 
the  density  of  the  powder  used  by  sportsmen.  It  was  found  by 
theory,  and  confirmed  by  experiment,  that  the  real  velocity  with 
which  the  elastic  fluid  considered  under  the  volume  of  the  pow- 
der, and  penetrated  by  a  degree  of  heat  capable  of  quadrupling 
the  volume,  would  expand  when  it  had  only  the  resistance  of 
the  atmosphere  to  surmount,  is  2^46*49  feet,  that  is,  about 
2734-4  feet  English. 

Comparing  the  several  fprces  which  were  calculated  for  the 
same  quantity  of  powder  in  three  different  circumstances : 

1.  When  the  fluid  has  only  to  surmount  the  atmospheric 
pressure,  it  has  a  force  of  di3solution  which  is  proper  to  it,  and 
which,  in  a  charge  of  8lbs.  of  powder,  specific  gravity  944*72, 
/or  a  24-pounder,  acts  upon  the  surface  of  least  resistance  with 
an  «ncigy  equivalent  to  9747*8074  pounds. 

2.  Tne  fluid,  retarded  in  its  expansion  by  a  surface  of  least 
resistance,  whose  tenacity  (occasioned  by  the  compactness  and 
pressure  of  the  wadding,  &c.)  t  =  3 1  pounds,  acquires  by  its 
elasticity  a  force  =  52839*1463  pounds,  at  the  instant  when 
that  surface  yields  to  its  action. 

3.  If  the  tenacity  t  =  298  pounds,  the  force  of  the  fluid  at 
the  moment  when  the  resisting  surface  yields  to  it  will  be  equi- 
valent to  417311*4275  pounds. 

If  each  of  these  forces  be  divided  by  the  surface  of  least  r&- 
sbtance,  the  quotient  will  indicate  the  force  of  each  fluid  fila- 
jtient,  namely, 
%l.  That  of  the  force  of  dissolution  =   173*63  grains. 

'"6/ When  t  =  31  lbs.  that  of  elasticity     =  923*26  grains. 

i.  When  T  =:  298  lbs.  force  elastic         zz  7433*99  grains. 
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Dividing  again  these  latter  values  bj  the  length  of  the 
charges,  we  shall  have  for  the  mean  force  of  each  elementaiy 
fluid  particle 

1 .  Force  of  dissolutfon       .    «     .     •     =  0*  1 4205  grains. 

2.  When  t  =  31  lbs.  force  elastic     .     =  0-7554.0  grains. 
S.  When  T  =:  298  lbs.  force  elastic         =  6*0Sn4  grains. 

It  appears,  however,  that  equal  charges  of  powder  of  the 
same  quality,  employed  in  the  same  piece,  produce  very  different 
velocities,  the  more  considerable  being  the  resistance  to  the  ejip* 
pansion  of  the  fluid,  the  less  the  velocity  becomes.  Thus,  it  is 
found  that  when  t  =:  SI  lbs.  the  veloci^  of  the  ball  when  ex* 
pelled  at  the  mouth  of  die  piece  is  166S'6  feet;  when  T  is^ 
298  lbs.  V  =  1 350-9  feet. 

The  following  table  will  exhibit,  in  one  view,  the  velocities 
with  which  a  24  pound  ball  issues  from  the  mouth  of  a  gun, 
when  propelled  with  the  several  charges  expressed  in  tjhe  first 
column.  1st  According  to  the  theory  developed  in  the  volume 
from  which  we  have  made  these  extracts.  2dly.  According  to  the 
experiments  of  M.  Lombard  at  Auxerre,  on  guns  for  land  ser- 
vice. Sdly.  According  to  the  experiments  of  M.  Teixier  de 
Norbec,  at  Toulon,  on  guns  for  sea  service..  4thly  and  5thly^ 
According  to  the  deterjmmations  of  Mr.  Robins  and  Dr.  Huttoiw 
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It  is  the  prodigious  celerity  of  expansion  of  the  ilarae  of  fired 
gunpowder  which  is  its  peculiar  excellence,  and  the  circling 
atance  in  which  it  so  eminently  surpasses  all  other  inventions, 
either  ancient  or  modern :  for  as  to  the  momentum  of  these 
projectiles  only,  many  of  the  warlike  machines  of  the  ancients 
produced  this  in  a  degree  far  surpassing  that  of  our  heaviest 
cannon  shot  or  shells;  but  the  great  celerity  given  to  them 
cannot  be  approached  with  facility  by  any  other  means  th^n  tl|e 
explosion  of  powder. 

52.  Since  the  important  invention  of  the  Steam-engin^  an^ 
pther  species  of  first  movers  has  come  under  the  consideration 
of  the  mechanical  investigator,  namely,  such  as  arise  from  the 
volatilisation  of  different  fluids.  Of  these  the  one^most  eooi- 
monly  chosen  is  the  stsam  raised  from  hot  water,  which  »  an 
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dastic  fluid,  and  which  when  nused  with  tlie  ordinary  heat  of 
boiling  water  is  almost  3000  times  rarer  than  water,  or  mora 
than  Si  times  rarer  than  air,  and  then  has  its  elasticity  equal  to 
that  of  the  common  atmospheric  air :  by  great  heat  it  has  been 
found  that  the  steam  may  be  expanded  into  14000  times  the 
•pace  of  water,  and  then  exerts  a  force  of  nearly  5  times  tfacf 
pressure  of  the  atmosphere :  and  there  is  no  reason  to  suppose 
this  is  the  limit :  indeed  some  accidents  which  have  happened 
prove  clearly  that  the  elastic  force  of  steam  may  at  least  equal 
that  of  gunpowder. 

The  observations  on  the  different  degrees  of  temperature 
acquired  by  water  in  bmliiig,  under  different  pressures  of  the 
atmosphere,  and  the  formation  of  the  vapour  from  water  under 
the  receiver  of  an  air-pomp,  when  with  the  common  tempera- 
tures the  pressure  is  diminbhed  to  a  certain  degree,  shew  clearly 
that  the  expansive  force  of  vapour  or  steam  is  different  in  the 
different  temperatures,  and  that  in  general  it  increases  in  a  va* 
liable  rado  as  the  temperature  is  raised.  Previous  to  describing 
the  method  which  has  been  adopted  to  measure  the  force  of 
steam  under  diflferent  temperatures,  it  will  be  proper  to  describe 
briefly  the  method  by  which  the  Chemists  account  for  the  pro* 
duction  of  aeriibrm  fluids. 

59.  Tbe  term  Caloric  is  used  to  denote  the  cause,  whatever 
it  may  be,  of  heat,  and  of  the  phenomena  which  accompany 
beat :  it  is  now  almost  universally  admitted  to  be  a  highly  elastic 
flnid.  Every  body  is,  according  to  its  natufe,  capable  of  con- 
taining under  agriven  volume  a  certain  quantity  of  caloric, 
either  greater  or  less:  this  property  was  first  observed  by  Dr. 
Black,  and  the  Ei^li^h  chemists  designated  it  by  the  term  Ca- 
pacity  of  a  body  to  contain  the  matter  ^'heat.  Professor  W  ilcke 
and  M.  Lavoisier  first  made  use  of  the  term  specific  caloric^ 
denoting  by  it  the  quantity  of  caloric  respectively  necessary  to 
elevate  to  the  same  number  of  degrees^  the  temperature  of  se- 
veral bodies  of  equal  weight. 

Substances  volatilised  and  reduced  to  gas  or  aeriform  fluids, 
are  nothing  else  than  ordinary  solid  or  fluid  bodies  which  by 
some  circumstance  are  found  superabundantly  combined  with 
caloric,  in  such  a  manner  that  the  constitoent  particles  of  these 
bodies  are  separated  the  one  from  j;he  other,  by  a  quantity  of 
ambient  caloric  much  more  considerable  than  that  which  sur- 
rounds the  same  particles  in  the  natural  state  of  the  bodies. 
The  extreme  elasticity  of  the  caloric  the  effect  of  which  is  aug- 
mented by  its  condensation,  and  the  weakening  of  the  reci- 
procal attraction  or  of  the  cohesion  ot'  tiie  particles  of  the  bodies 
(a  weakening  or  diminution  produced  by  the  increased  distance 
of  those  particles)  concur  to  dimiuish  the  density  of  the  bodies 
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in  such  a  mllDner  that  thty  become  reduced  to  iff  aerifornt 
state. 

54.  As  to  the  elasticity  of  gaseous  fluids  thus  formed,  it  ap- 

1)ears  in  great  measure  to  be  produced  by  the  elasticity  of  ca- 
oric  itself,  which,  when  bodies  are  reduced  to  the  gaseous  state^ 
occupy  a  very  great  part  of  their  volume.  This  eminent  elasti- 
city of  caloric  tends  continually  to  produce  expansion;  on  the 
other  hand,  this  fluid,  by  a  particular  destination  of  nature,  is 
more  or  less  disseminated  between  the  moleculae  of  all  bodies, 
in  such  sort  that  we  may  say  with  M.  Lavoisier  that  even  in  the 
solid  state  these  moleculae  do  not  touch,  but,  as  it  were,  swim 
in  the  caloric  at  a  certain  distance  from  each  other.  There 
must,  therefore,  be  a  perpetual  contest  between  the  expansive 
force  of  caloric  which  tends  to  disseminate  the  moleculae,  and 
the  cdhesive  attraction  of  the  moleculae  which  tends  to  join 
them  together.  From  the  reciprocal  intensity  of  these  two 
powers  results  the  solid  and  liquid  states  of  bodies :  thus,  water 
only  diffiers  from  ice  by  the  greater  or  less  condensation  of  ca- 
loric, which  permits  more  or  less  of  the  moleculae  of  the  liquid 
to  yield  to  the  effect  of  their  attraction  or  reciprocal  cohesion. 
When  substances  pass  from  the  liquid  to  the  aeriform  states 
there  is  a  third  power  to  combine  with  the  expansive  efibrt  of  ' 
caloric,  and  the  aggregative  or  attractive  effort  of  the  mole- 
culae ;  namely,  the  pressure  of  the  atmosphere,  or  of  any  elastic 
fluid  whatever  which  compresses  the  fluid,  and  opposes  itself  to 
the  separation  of  its  parts.  This  third  power  ha»  a  certain  in- 
fluence also  upon  the  passage  from  the  solid  to  the  fluid  state, 
but  it  is  most  frequently  (in  this  case)  very  small,  and  even 
evanescent  in  comparison  of  the  resistance  arising  from  the 
mutual  cohesion  of  the  molecules.  The  contrary  effect  haa 
place  in  the  course  of  the  passage  from  tlie  liquid  to  the  gaseous 
or  aerifonu  state ;  the  cohesion  of  the  fluid  moleculse  being  ex- 
tremely small,  the  elasticity  of  the  caloric  has  scarcely  any  thing 
to  surmount  to  produce  volatilisation  besides  the  pressure  of  the 
atmosphere,  or  gas  which  actually  compresses  it. 

55.  Hence  it  results  that  the  same  liquid  under  different 
pressures  ought  to  volatilise  at  different  temperatures.  M. 
Lavoisier  proved  the  truth  of  this  result,  by  placing  ether  under 
the  receiver  of  an  air-pum^,  and  producing  volatilisation  solely 
by  taking  off  a  part  of  the  pressure  of  the  atmospheijs.  See 
Chymief  tome  I.  pa,  9.  And  we  know  by  many  experiments  of 
M.  Deluc  and  others,  that  water  boils  the  more  speedily  as  it  is 
less  pressed  by  the  weight  of  the  atmosphere. 

Lavoisier  notices  a  curious  consequence  of  what  has  been 
here  said ;  which  is,  that  if  our  planet  revolved  upon  its  axis 
with  such  a  velocity  as  to  lessen  the  pressure  of  the  atmosphere. 
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or  if  the  tenaperatiire  of  the  nir  Were  raised,  then  several  fluids 
iKrbich  we  now  see  under  a  liquid  state  would  only  exist  in  the 
aerifonn  state;  for  exampk^  if  under  the  temperature  of  sum- 
mer the  pressure  of  the  atmosphere  were  only  equivalent  to  20 
or  24  inches  of  the  barometrical  tube,  that  pressure  would  not 
retain  ether  in  the  fluid  state,  it  would  be  changed  itato  gas  ; 
and  the  like  would  happen,  if  while  the  pressure  of  the  air  was 
equivalent  to  28  or  SO  inches  of  the  mercury  the  habitual  tem-* 
perature  were  105  or  1 10  degrees  on  Fahrenheit's  scale. 

56.  *The  principles  which  have  been  here  vCxhibi ted  are  suf- 
ficient for  the  understanding  of  all  which  relates  to  the  actiotf 
of  water  or  other  fluids  reduced  to  vapour.  Now,  it  has  ap- 
peared from  frequent  experiments  that  water  heated  in  commoa 
air  volatilises  at  80°  of  Reaumur's  thermometer,  or  212^  of 
Fahrenheit's,  the  height  of  the  barometer  being  2U  French,  or 
29*9  English  inches :  and  spirits  of  wine  under  a  like  pressure 
volatilises  at  between  63*  and  64*  of  Reaumur,  or  nearly  175® 
of  Fahrenheit.  The  expansive  force  of  the  vapour  must,  there- 
fore, in  both  these  cases,  according  to  the  principles  just  ex- 
plained, be  measured  by  a  column  of  mercury  of  28  French,  or 
29*9  English  inches,  in  like  manner  as  such  a  column  measures 
the  pressure  of  the  atmosphere,  or  the  elasticity  of  common  air* 
And  at  any  more  elevated  temperatures  the  elastic  force  of  the 
vapour  will  surpass  the  pressure  of  the  atmosphere  by  a  quantity 
which  has  a  certain  relation  with  the  excess  of  the  temperature 
above  those  just  stated. 

5T.  Till  lately  there  was  wanting  on  this  important  subject  a 
series  of  exact  and  direct  experiments  b^  means  of  which,  having 
given  the  temperature  of  the  heated  fluid,  the  expansive  force  of 
the  steam  rising  from  it  might  be  known,  and  vice  versa.  There 
was  likewise  wanting  an  analytical  theorem  expressing  the  re- 
lation betweefl  the  temperature  of  the  heated  fluid  and  the 
pressure  with  which  the  force  of  the  steam  was  in  equilibrio. 
These  desiderata  have,  however,  been  lately  supplied  by  M. 
Bettancourt,  an  ingenious  Spanish  philosopher,  after  a  method 
which  shall  now  be  concisely  explained. 

58.  M.  Bettancourt*s  apparatus  consbts  of  a  copper  vessel  or 
boiler,  with  its  cover  firmly  soldered  on :  this  cover  has  three 
orifices  which  close  up  with  screws :  at  the  first  the  water  or 
other  fluid  is  put  in  and  out;  through  the  second  passes  the 
stem  of  a  thermometer  which  has  the  whole  of  its  scale  or  gra- 
duations  above  the  vessel,  and  its  ball  within,  where  it  is  im- 
mersed either  in  the  fluid  or  in  the  steam  according  to  the  dif- 
ferent circumstances;  through  the  third  hole  passes  a  tube, 
making  a  communication  between  the  cavity  of  the  boiler  and 
one  bran<;h  of  au  inverted  syphon^  which  contains  mercury. 
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and  acts  as  a  barometer  for  measuriog  the  pressure  of  the  elastic 
vapour  Nvitliiii  the  boiler.  In  the  side  of  the  vessel  there  is  « 
fourth  hole  into  which  is  inserted  a  tube  with  a  turncock,  mak- 
ing a  communication  with  the  receiver  of  an  air-pump,  in  order 
to  extract  the  air  from  the  boiler,  and  to  prevent  its  return. 

The  apparatus  bem^  prepared  in  good  order,  and  distilled 
^ater  introduced  into  the  boiler  at  the  first  hole,  and  then  stop- 
ped, as  well  as  the  end'  of  the  inverted  syphon  or  barometer, 
M.  Bettancourt  surrounded  the  boiler  with  ice,  to  lower  th^ 
temperature  of  the  water  to  the  freezing  point,  and  then,  having 
extracted  all  the  air  from  the  boiler  by  means  of  the  air-pump, 
the  difference  between  the  columns  of  mercury  in  the  two 
branches  of  the  barometer  shewed  the  measure  of  the  elastic 
force  of  the  vapour  arising  from  the  water  in  that  temperature* 
Then  ligliting  the  fire  below  the  boiler,  he  gradually  raised  tha 
temperature  of  the  water  from  0  to  1 10**  of  Reaumur's  thei- 
mometer,  that  is,  from  32**  to  279i|-  of  Fahrenheit's  thermo- 
meter ;  and  for  each  degree  of  elevation  in  the  temperature  be 
observed  the  height  of  the  mercurial  column  which  measured 
the  elasticity  or  pressure  of  the  vapour. 

These  experiments  were  repeated  various  times  and  with  di& 
ferent  quantities  of  water  in  the  vessel ;  their  results  were  ar- 
ranged in  different  columns  for  the  sake  of  comparison,  and  it 
appeared  that  the  pressures  for  difierent  temperatures  agreed 
very  nearly,  however  much  the  quantity  of  fluid  in  the  vessel 
was  varied.  It  was  also  seen  that  the  increase  in  the  expansive 
force  of  the  vapour  is  at  first  very  slow ;  but  increase;  gradually 
uuto  the  higher  temperatures,  where  the  increase  becomes  very 
rapid,  as  will  be  obvious  from  an  exammation  of  the  tables  ia 
some  of  the  following  pages. 

59.  To  express  the  relation  betwee^i  the  degrees  of  ten»- 
perature  of  the  vapour  and  its  elastic  force,  this  philosopher 
employs  a  method  suggested  by  M.  Prony,  which  consists  io 
imagining  the  heights  of  the  columns  of  mercury  measuring  the 
expansive  force  to  represent  the  ordinates  of  a  curve,  and  the 
degrees  of  heat  the  corresponding  abscissae  of  that  curve ;  making 
the  ordinates  equal  to  the  sum  of  several  logarithmic  ones  which 
contain  two  indeterminates,  and  ascertaining  these  quautities  in 
such  manner  that  the  curve  may  agree  with  a  tolerable  number 
of  observations  taken  throughout  the  whole  extent  of  the  change 
of  temperature,  from  the  lowest  to  the  highest  extreme  of  the 
experiments.  Then  a  formula  or  equation  to  a  curve  is  in- 
vestigated, and  when  the  curve  corresponding  to  tliat  equation 
is  constructed,  if  it  comcide  (with  the  exception  of  a  few 
trifling  anomalies)  with  the  curve  constructed  by  the  results  of 
the  experiments^  the  formula  may  be  looked  upon  as  correct, 
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«od  furnishing  a  true  analytical  representation  of  the  pheiio- 
tnena.  This  was  done  by  M.  Bettancourt,  and  the  curve  con- 
structed from  bis  equation  has  a  point  oT  inflexion  at  about  the 
102**  of  Reaumur^  as  it  ought  to  have,  because  the  second  dif- 
ferences of  the  barometrical  measures  of  the  elastic  force  be* 
came  negative  at  that  temperature. 

60.  In  a  similar  manner  M.  Bettancourt  made  experiments  on 
the  strength  of  the  vapour  from  alcohol  or  spirit  of  wine ;  con- 
structing the  cwve  and  deducing  the  requisite  analytical  formula* 
lliis  curve  iiad  likewise  a  point  of  inflexion  at  about  88**  of 
Reaumur,  the  second  differences  in  the  table  of  barometrical 
Pleasures  booming  then  negative.  From  a  comparison  of  the 
experiments  on  the  vapour  of  water  with  those  on  the  vapour  of 
alcohol,  a  remarkable  conclusion  was  derived  :  for  it  appeared 
fh^t,  after  the  first  20**  of  Reaumur,  the  strength  of  the  va- 
pour of  spirit  of  wine  was  to  tliat  of  the  vapour  of  water, 
nearly  in  the  same  constant  ratio  of  23  to  10,  or  7  to  3,  for 
any  one  and  the  same  degree  of  heat.  Thus,  at  the  tempe- 
rature of  40^  of  Reaumur,  the  strength  of  the  steam  of  water 
is  measured  by  2*9711  Paris  inches  in  the  barometer,  and  that 
ef  vapour  of  alcohol  by  6*9770,  the  latter  being  about  2^  times 
&e  former. 

61.  The  equations  to  the  curve  of  temperature  and  pressure, 
denoting  the  relation  between  the  abscissas  and  ordinates,  or  be- 
,tween  the  temperature  and  the  elasticity  of  the  vapour,  as  given 
Jby  M.  Bettancourt,  were  of  the  following  form. 

fA^Kx        /  +X^X        aX  -  ^       aX  -  ^ 

1.  For  water,  y  =  e  — e  -e  •\-e        • 

2. — alcohol, y  ^  c  +e  — e        -^  e        —  A. 

Where  3/  represents  the  height  of  the  column  of  mercury  which 
measures  the  expansive  force,  x  the  corresponding  degrees  of 
Reaumur's  thennometer,  and  the  other  letters  certain  values 
which  are  assigned  to  them  in  the  investigation. 

62.  Hut  M.  Prony,  in  the  2d  volume  of  his  Architecture 
Hj/draulique,  has  thrown  these  equations  into  a  rather  more 
convenient  form,  though  analogous  to  those  of  Bettancourt. 
tiis  formula  for  the  vapour  of  water  is  this, 

y  =  f»/  ?/  +  ^/.?//  +  '*///?///  +  ^'v?,y*. 

The  method  which  he  followed  consisted  in  satisfying  the  re- 
«ulls  between  0^  and  80%  by  means  of  the  two  first  terms,  and 
interpolating  by  means  ol  the  other  two^  the  differences  be- 
tween the  observed  values,  and  those  computed  by  the  two  first 
terms,  from  80°  up  to  110°.  In  this  manner  he  succeeded  to 
i^xpress  so  exactly  the  observations  iu  their  whole  extent,  that 
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the  curves  of  the  calculus  and  the  experiments  were  only  dis- 
tinguishable the  one  from  the  other  by  such  little  anomalies^  as 
were  manifestly  the  effect  of  some  trifling  though  inevitable 
errors  in  the  obscrvationsi  and  in  the  graduations  of  the  scales 
in  the  apparatus.  He  afterwards  employed  an  equation  of  three 
terms,  giving  to  the  different  coefficients  the  following  values : 

f^  =1-172805 log.  f,  =0-0692259 

f I,  =1047773 log.  f,,  =00202661 

£    =  I  028189 Iog.p^^^=00l20736 

K  =  — 0-00000072460407 log.  f^,  =  7  8601007 

f-t^  = +0-8648188803 log.f^,^=T-9369271 

f^^^^=:-0;86481 81057     .....     .  log.jut,,^=T-9369248 

Substituting  these  several  values  in  the  equation 

it  satisfies  not  only  the  numbers  employed  in  its  formation,  but 
all  the  intermediate  observations,  as  may  be  concluded  from  the 
following  table/ which  exhibits  to  every  10  degrees  of  Reau« 
mur's  thermometer  the  barometrical  results  both  of  obVervatiou 
and  the  calculus. 


Tempe- 

Pressures 

given  by 

1 
Ano* 

rature. 

malies. 

Experim. 

Calculus. 

0 

0  00  in. 

0-00  m. 

0-00  in. 

10 

015 

0-24 

+0.09 

20 

0*65 

0-69 

+004 

30 

1-52 

1-51 

-0-01 

40 

2-92 

2-95 

+003 

50 

5-35 

5-42 

+0-07 

60 

9-95 

9*62 

— 0*33 

70 

16-90 

16-57 

-0-33 

80 

28-00 

27-92 

-0-08 

90 

46-40 

45.87 

-0-53 

100 

71-80 

71-94 

+  014 

no 

9800 

98-36 

+0-36 

The  anomalies  are  generally  mnch  more  minute  than  in  the 
formulae  of  four  terms :  we  may  therefore  regard  the  equation 
just  preceding  the  table,  M-hich  is  more  simple  than  that  of  Bet- 
tancourty  as  representing  the  phenomena  and  measuring  the  ef- 
fects of  the  expansive  force  of  the  steam  of  water  with  all  de- 
sirable accuracy.  M.  Prouy  remarks,  that  the  smalbess  of  the 
coefficient  ft,  will  allow  the  term  i^^f^  to  be  neglected  in  reckon- 
ing between  0*  and  80"* ;  and  thus  from  the  temperature  •f  ice 
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up  to  that  of  boiling  water,  the  equation  of  two  terms  alone 

will  suffice,  that  is  to  say y  =  ^^^e^/  +  f*,^o/. 

63.  M.  Prony's  equation  for  the  vapour  of  alcohol  comprises 
S  terms  originally:  but  in  most  cases  three  of  those  terms  will 
give  results  sufficiently  accurate.  The  numeral  values  of  the 
coefficients  are  as  below : 

f,   =   1-11424 log.  fy  =  004697771 

f  ,^  =    1-05714 Jog.f,,  =  0K)24 13079 

f,^^=  0.79943 log.  f)^^,=  T9027776 

/»,  =-0-0021293 log. /;t,  =  3^3282330 

ffc^=+09116186  ' log.  fu,,=  T9598132 

ft^,= +0-2097778 log.  ft',,,=  T-3217595 

^.,=  -1.1192671 

These  numbers  cause  the  experiments  and  calculus  to  coin- 
cide very  nearly,  when  introduced  into  the  equation. 

The  magnitude  of  the  anomalies  will  be  seen  by  inspecting 
ihe  fallowing  table. 


Tempe- 
rature. 

Pressures  giv^n  by 

Ano- 
malies. 

Experim. 

Calculus. 

0 
10 
20 
30 
40 
50 
69 
70 
80 
90 

000  in. 

0-47 

1-52 

3-49 

6-90 
13-05 
23-65 
39-30 
63-80 
98-00 

0-00  in. 

0-45 

1-56 

3-54 

6-97 
12-93 
23-05 
39-31 
64-35 
98-28 

000 
-0-02 
+0-04 
+0-05 
+  0-07 
-0-12 
-0-50 
+0-01 
+0-55 
-I-0-28 

Thus  the  formula  for  the  vapour  of  spirit  of  wine  is  found  as 
simple  as  that  for" the  vapour  of  water,  without  ceasing  to  repre- 
sent the  experiments  with  all  desirable  exactness.  But  more 
than  this,  we  may  retrench  one  of  the  variable  terms ;  for  in  the 
first  degree  yk,,,  ^s/i  *  ^^^  ^^  greater  value  4han  0'18,  and  when 
^  is  2,  3,  or  any  other  positive  value,  this  third  term  may  be 
af  ely  neglected.     The  equation  therefore  is  reduced  to 

Jf  =f*/f/'  +A-,,e/+f*.T; 
1  form  much  more  simple  than  Bettancourt's  original  equation, 
and  indeed  more  simple  than  Prouy*s  improved  equation  for  ih^ 
vapour  of  water. 
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64.  To  sare  the  trouble  of  invest^ating  the  fltrength  of  the 
vapour  by  these  formula  for  every  separate  case  that  may  occuT;^ 
we  add  a  table  (calculated  from  these  principlevs)  in  which  tbe 
strength  of  the  vapour  both  of  water  and  of  spirit  of  wine  is 
lihewn  for  every  degree  of  Reaumur's  thermometer  up  to  llO^, 
fir  for  every  2^  degrees  of  Fahrenheit,  from  32  to  280* :  the 
.  strengths  are  expressed,  not  in  English  or  in  French  inches  upon 
the  barometer,  but  in  terms  whose  unit  is  the  medium  pressure 
of  the  atmosphere,  supposing  that  medium  equivalent  to  29*9 
English,  or  28  French  inches  of  mercury.  The  pressure  upon 
a  square  inch  in  pounds  averdupois  corresponding  to  any  tern* 
perature  may  be  found  by  multiplying  the  corresponding  num- 
ber taken  from  the  table  by  14*75 :  and  the  pressure  for  any  in^ 
termediate  degree  of  Fahrenheit  may  be  found  pretty  nearly^ 
by  proportioning,  as  is  usual  in  tables  of  Logarithms,  ii/c. 


.    • 
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Prriiure  in  termi  of  At- 

Pressure  io  terms  of  1 

De^reei 

motpheric  Pressure. 

Degrees 

of 
aometer. 

of 
aometer. 

1 

Then 

Vapour 

Vapour 

Them 

Vapour 

Vapour! 

of 
Water. 

of 
Alcohol. 

of 
Water. 

of 
Alcohol. 

Reau. 

Fahr. 

Reau. 

Fahr. 

1 

34i 

•00063 

•00015 

56 

168 

•27481 

•65864 

3 

36i 

•00134 

•00074 

57 

iS 

.29076 

•69671 

3 

38i 

'00193 

•00171 

58 

•30650 

•73673 

4 

41 

•00267 

•00299 

59 

164* 

'3^25 

•77167 

5 

43i 

•00371 

•00449 

60 

167 

•34386 

•82SS7 

6 

45f 
47| 

'0i)A33 

•00641 

61 

169* 

•36345 

•86946 

7 

•00539 

•00849 

62 

I7I« 

•38249 

91467 

8 

50 

•00621 

'O108O 

63 

173* 

•40572 

•96587 

9 

52i 

•00740 

•01333 

64 

176 

•42849 

10231 

10 

54i 

•00823 

•01608 

65 

178* 

•45245 

1^0795 

11 

56| 

•00971 

•01832 

66 

180§ 

•47765 

1  1385 

IS 

59 

•01085 

•02163 

67 

183* 

•50414 

1-2004 

13 

6li 

•01331 

•02514 

68 

185 

•53199 

1^2652 

14 

63i 

•01384 

•02884 

C9 

187* 

•56136 

P3330 

15 

r>5i 

•01521 

•03276 

70 

189* 

•59203 

1.4038 

16 

68 

•01706 

•03689 

71 

191* 

•62436 

1-4478 

17 

70i 

•01860 

•04126 

72 

194 

•65833 

1.5552 

18 

72^ 

•02046 

•04588 

73 

la 

•69403 

1-6359 

19 

74| 

•02244 

•05076 

74 

•74589 

1-7199 

20 

77 

•02454 

•05591 

75 

200* 

.77096 

1-8075 

31 

nsi 

•02677 

•06136 

76 

203 

•81236 

1-8985 

33 

81i 

•02914 

•06711 

77 

205* 

•85588 

1-9932 

23 

83* 

•03165 

•07819 

78 

207* 

•90214 

2.0855 

24 

86 

•03432 

•07961 

79 

209* 

•94957 

2^1 896 

35 

m 

•03715 

•08641 

80 

212 

10000 

2^2S)83 

36 

90i 

•04014 

•09358 

81 

214* 

1^0519 

2-4074 

87 

1»2| 

•04331 

10116 

82 

216* 

1-1064 

2-5177 

28 

95 

•04667 

•10917 

83 

218* 

1^1634 

2-6345 

39 

97* 

•05023 

•11763 

84 

221 

1-2232 

27527 

30 

99i 

•05364 

•12657 

85    • 

223* 

1.2851 

2-8739 

31 

lOlJ  . 

•05833 

•13603 

86 

225i 

1-3500 

29977 

32 

104 

•06219 

•14601 

87 

227* 

1^4177 

3-1236 

33 

106* 

•06668 

•15656 

88 

230 

14872 

3-2548 

34 

1084 

•07136 

•16671 

89 

232* 

1-5618 

3-3806 

35 

110* 

•07634 

•17949 

90 

234* 

r6382 

3-5099 

36 

113 

•08159 

•19193 

91 

236* 

^7176 

37 

115* 

•U8714 

•20151 

92 

239 

1-8003 

38 

117i 

•09302 

•21898 

93 

241* 

1-8851 

39 

119* 

•09921 

•23366 

94 

243i 

1^9733 

40 

132 

•10611 

•24921 

95 

245* 

20643 

41 

1S4* 
136* 

•11266 

•26557 

96 

248 

2^1579 

42 

•11994 

•28389 

97 

250* 
253* 

2^i?539 

43 

128* 

•12762 

•30130 

98 

2^3527 

44 

131 

•13573 

•32054 

99 

254* 

2*4533 

45 

133* 

•14428 

•34098 

100 

257 

2^5554 

46 

135^ 

•15329 

•36256 

101 

259* 

26587 

47 

137* 

•16279 

•38538 

102 

261* 

2-7628 

48 

140 

•17281 

•40931 

103 

263* 

2-8667 

49 

142* 

•18338 

•43500 

104 

266 

2-9735 

50 

1441 

•19447 

•46193 

105 

268* 

3-0711 

51 

144 

•30609 

•49036 

106 

270* 

3-1691 

58 

149 

•21855 

•52043 

107 

272* 

3-2631 

53 

151* 

•23155 

•55218 

108 

275 

3.3505 

54 

153* 

•24524 

•58571 

109 

no 

277* 

3^4299 

55 

1&5* 

•25228 

•62117 

279* 

3-5127 
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Several  curious  and  in  some  respects  useful  consequences 
might  be  deduced  from  these  experiments  and  theorems.  M. 
Bettancourt  shews  for  instance,  that  the  effect  of  steam  engines 
musty  in  general,  be  greater  in  winter  than  ia  summer,  owing  to 
the  different  degrees  of  temperature  in  the  water  of  injectioD. 
And  from  the  greatly  superior  strength  of  the  vapour  of  spirit 
of  wine  over  that  of  water,  he  argues  that,  by  trying  other 
fluids,  some  may  be  found,  not  very  expensive,  whose  vapour 
may  be  so  much  stronger  than  that  of  water,  with  the  same 
degree  of  heat,  that  it  may  be  substituted  instead  of  water  in 
the  boilers  of  ^eam  engines,  to  the  great  saving  in  the  expence 
of  fuel :  nay,  he  even  asserts,  that  spirit  of  wine  itself  might 
thus  be  employed  in  a  machine  of  a  particular  construction, 
which,  with  the  same  quantity  of  fuel,  add  without  any  increase 
of  expence  in  other  things,  shall  produce  an  effect  far  superior 
to  what  is  obtained  from  the  steam  of  water.  Another  use  of 
these  researches  suggested  by  M .  Bettancourt  is,  to  measure  the 
height  of  mountains  by  means  of  a  thermometer  immersed  in 
boning  water ;  which  he  thinks  may  be  done  with  a  precision 
equal,  if  not  superior,  to  that  of  the  barometer.  But  this)  being 
foreign  to  our  present  enquiries,  cannot  be  entered  upon  here: 
a  comparison  of  the  results  of  this  method  with  some  deduced 
from  the  more  customary  process  may  be  seen  in  Dr.  Hutton'* 
Dictionary,  vol.  IT.  pa.  756,  to  which  such  as  are  desirous  of 
further  information  on  this  point  are  referred. 

65.  Our  ingenious  countryman  Mr.  Dalton,  of  Manchester,, 
is  of  opinion  that  M.  Bettancourt's  deductions  are  not  quite  ac- 
curate. His  chief  error  consists  in  having  assumed  the  force  of 
vapour  from  water  of  32^  (Fahrenheit)  to  be  nothing  ;  which 
makes  his  numbers  essentially  wrong  at  that  point  and  in  all  the 
lower  parts  of  the  scale  :  and  in  the  higher  part,  or  that  which 
is  above  212%  the  force  is  determined  too  much;  owing,  as 
Mr.  Dalton  apprehends,  to  a  quantity  of  air,  which  being  cUs- 
engaged  from  the  water  by  heat  and  mixing  with  the  steam,  in* 
creases  the  elasticity. 

Mr.  Dalton's  first  experiments  with  spirit  of  wine  led  him 
to  adopt  the  same  conclusion  as  M.  Bettancourt,  with  respect 
to  the  constant  ratio  between  the  force  of  the  vapour  from  this 
spirit  and  that  from  water;  and  inferred  the  same  with  regard 
to  the  vapour  from  other  fluids.  But,  on  pursumg  the  sutgect, 
he  concluded  that  this  principle  was  not  true,  either  with  re- 
spect to  spirit  of  wine  or  any  other  liquid.  His  experiments 
upon  six  different  liquids  agree  in  establishing  as  a  general  law, 
'*  That  the  variation  of  the  force  of  vapour  from  ailiiquids  is 
"  the  $ame  for  the  same  variation  of  temperature,  reckoning 
*'  from  vapour  of  any  given  force:  thus,  assuming  a  force 
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**  equal  to  thirty  incbeSi  of  mercury  as  the  standard,  it  being  the 
'*  force  of  vapour  from  any  liquid  boiling  in  the  open  air,  vre 
**  find  aqueous  vapour  loses  half  its  force  by  a  diminution  of  30> 
''  degrees  of  temperature :  so  does  the  vapour  of  any  other  liquid 
'^  lose  half  its  force  by  diminishing  its  temperature  SO  degrees 
^  below  that  in  which  it  boils ;  and  the  like  for  any  other  incre- 
*'  ment  or  decrement  of  heat.  This  being  the  case,  it  becomes 
^*  unnecessary  to  give  distinct  tables  of  the  force  of  vapour  from 
**  different  liquids,  as  one  and  the  same  table  is  sufficient  for 
'•all.''  ' 

The  experiments  on  which  this  conclusion  rests,  are  related 
in  the  fifth  volume  of  the  Manchester  Memoin ;  they  may  also 
be  seen  in  the  6th  volume  of  the  New  Series  of  Mr.  ^icholson*s 
Journal.  Mr.  Dalton  has  calculated  a  table  of  the  force  of 
vapour  of  water  from  the  temperature  of  40®  below  zero  of  Fah- 
renheit, to  325**  above  il.  From  this  table  we  have  extracted 
the  following ;  in  which  we  have,  as  before,  reduced  the  force 
to  the  medium  pressure  of  the  atmosphere  for  the  measuring 
unit,  that  the  small  differences  in  the  results  of  the  JEnglish  and 
the  Spanish  philosopher  may  be  the  more  readily  traced* 


Tempe- 

Force of 

Tempe- 

Force  of 

rature 

aqueous  | 
Vapour. 

rature 
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on  Fahr. 

on  Fahr. 

Vapour. 
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•0333 

.212* 

1-000 

90 

•0453 

^20 

1-166 

100 

•0620 

230 

1-391 

110 

•0843 

240 

1-655 

120 

•1110 

250 

1-940 

130 

•1416 

260 

2-257 

140 

•1913 

270 

2-595 

150 

•2473 

280 

2-958 

160 

•3153 

290 

3-337 

170 

•4043 

300 

3-727 

180 

•5050 

310 

4117 

190 

•6333 

315 

4-309 

200 
1      210 

•7880 

320 

4-500 

•9613 

325 

4-690 

If  z  denote  the  degrees  of  heat  measured  on  Fahrenheit's 
thermometer  from  212*,  the  ordinary  boiling  point  of  water,  and 
f  be  the  force  of  compression  measured  in  inches  of  mercury, 
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then,  to  express  ilie  elasticity  of  the  steam   generated  from 
water,  we  liave  this  logaritiimic  formula :  viz. 

Log./ r:  log.  30+  ^  Iog.(l-250^015~). 

Hence  when  .r  is  known,  we  may  fiud/  which  measures  bolb 
the  compression  on  the  surface  of  the  water,  and  the  elastic 
force  of  the  steam.  The  above  theorem  will  serve  to  estimate 
the  force  of  steam  generated  from  any  other  liquid,  provided 
it  be  reckoned  from  the  ordinary  bc/iling  pointof  the  respective 
liquid,  when  the  barometer  stands  at  30  inches. 

66,  There  remains  for  as  to  consider  another  kind  of  mover 
of  machinery,  which  is  Animal  Exertion,  and  which  is  of 
so  fluctuating  a  nature  that  it  is  not  easy  to  subject  it  to  any 
estimate.  Physical  causes  must  affect  both  the  magnitude  and 
duration  of  the  efibrts  either  of  man  or  beast,  and  besides  this, 
the  strength  of  man  is  considerably  influenced  by  his  morvi, 
habits.  Tlie  various  combinations  of  these  different  causes  have 
occasioned  a  variety  of  estimates  of  animal  labour  to  be  ad- 
Tanced  by  different  authors. 

In  the  first  volume  of  this  work  (art.  378.)  we  stated  the 
average  force  of  a  man  at  rest  to  be  70  lbs.,  and  his  utmost 
wralking  velocity  when  unloaded  to  be  about  6  feet  per  second  ; 
and  we  thence  inferred  that  a  man  would  produce  the  greatest 
momentum  when  drawing  31^  lbs.  along  a  horizontal  plane 
with  a  velocity  of  2  feet  per  second.  But  this  is  not  the  most 
advantageous  way  of  applying  human  strength. 

67.  Dr.  Desaguliers  asserts,  tliat  a  man  can  raise  of  water  or 
any  other  weight  about  550  lbs.,  or  one  hogshead  (weight  of 
the  vessel  included),  10  feet  high  in  a  minute ;  this  statement, 
though  he  says  it  will  hold  good  for  6  hours,  appears  from  his 
oWn  facts  to  be  too  high;  and  is  certainly  such  ^s  could  not  be 
continued  one  day  after  another.  Mr.  Smeaton  considers  this 
work  as  the  effort  of  haste  or  distress ;  and  reports  that  6  good 
EngUsh  labourers  will  l)e  required  to  raise  21141  solid  feet  of 
sea  water  to  the  height  of  four  feet  in  four  hours  :  in  this  case 
the  men  will. raise  a  very  little  more  than  6  cubic  feet  of  fresh 
water  each  to  the  height  of  10  feet  in  a  minute.  Now  the 
hogshead  containing  about  8  J  cubic  feet,  Smeaton's  allowance 
of  work  proves  less  than  that  of  Desaguliers  in  the  ratio  of  6  to 
8i  or  d  to  4^.  And  as  his  good  English  labourers  who  can 
work  at  this  rate  are  estimated  by  him  to  be  equal  to  a  double 
set  of  common  men  picked  up  at  random,  it  seems  proper  to 
state  that,  with  the  probabilities  of  voluntary  interruption,  and 
other  incidents,  a  man's  work  for  several  successive  days  ought 
uot  to  be  valued  at  more  thau  half  a  hogshead  raised  10  feet  high 
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in  H  minute.  Smeaton  likewise  states  that  two  ordinary  horses 
will  do  the  work  in  three  hours  and  twenty  minutes,  which 
amounts  to  little  more  than  two  hogsheads  and  a  half  raised  10 
feet  high  in  a  minute.  So  that,  if  these  statements  be  accurate, 
one  horse  will  do  llie  work  of  five  men. 

68.  Mr.  Emerson  affirms^  that  a  man  of  oidinary  strength 
tuming  a  roller  by  the  handle  can  act  for  a  whole  day  against  a 
resistance  equal  to  SO  pounds  weight;  and  if  he  works  JO 
bours  a  day  he  will  raise  a  weight  of  30lbs.  through  3|  feet  in 
a  second  of  time ;  or,  if  the  weight  be  greater^  he  will  raise  it 
to  a  proportionally  less  height  If  two  men  work  at  a  windlass 
or  roller,  they  can  more  easily  draw  up  70  lbs.  than  one  man 
can  30 lbs.;  provided  the  elbow  of  one  of  the  handles  be  at 
right  angles  to  that  of  the  other.  Men  used  to  bear  loads,  such 
as  porters,  will  carry  from  150 lbs.  to  200  or  260  lbs.  according 
to  their  strength.  A  man  cannot  well  draw  more  than  70  lbs. 
or  SOlbs.  horizontally  :  and  he  cannot  thrust  with  a  greater  force 
acting  horizontally  at  the  height  of  his  shoulders  than  27  or 
30  lbs.  But  one  of  the  most  advantageous  ways  in  which  a 
man  can  exert  his  force  is  to  sit  aud  pull  towards  him  nearly 
borizontally,  as  in  the  action  of  rowing. 

69.  M.  Coulomb  communicated  to  the  French  National 
Institute  the  results  of  various  experiments  on  the  quantity  of 
action  which  men  can  afford  by  their  daily  work,  according  to 
the  different  manners  in  which  they  employ  their  strength.  lu 
the  first  place  he  examined  the  quantity  of  action  which  men 
can  produce  when,  during  a  day,  they  mount  a  set  of  steps  or 
stUirs,  either  with  or  without  a  burthen.  He  found  that  the 
quantity  of  action  of  a  man  who  mounts  without  a  burthen, 
having  only  his  own  body  to  raise,  is  double  that  of  a  man 
loaded  with  a  weight  of  68  kilogrammes,  or  223  lbs.  aver- 
dupois*,  both  continuing  at  work  for  a  day.  Hence  it  appears 
how  much,  with  equal  fatigue  and  time,  the  total  or  absolute 
effort  may  obtain  different  values  by  varying  the  combhiations 
of  effort  and  velocity- 

But  the  word  effect  here  denotes  the  total  quantity  of  labour 
employed  to  raise,  not  only  thp  burthen,  but  the  man  himself; 
and,  as  Coulomb  observes,  what  is  of  the  greatest  importance 
to  consider  is  the  useful  effect^  that  is  to  say,  the  total  effect,  de- 
ducting the  value  which  represents  the  transference  of  the 
weight  of  the  man's  body.  This  total  effect  is  the  greatest 
possible  wheu  the  man  ascends  without  a  burthen ;  but  the 
useful  effect  is  then  nothing :  it  is  also  nothing  if  the  man  be  so 
much  loaded  as  to  be  scarcely  capable  of  moving :  and  conse- 

•  The  kik»graiamc  is  =  22g66  grs.-  328  lbs.  averd. 
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queotlj  there  exists  between  these  two  limits  a  value  of  the 
load  such  that  the  useful  effect  is  a  maximum*  M.  Coulomb 
supposes  that  the  loss  of  quantity  of  action  is  proportional  to 
the  load  (an  hypothesis  which  experience  confirms),  whence  he 
obtains  an  equation  which^  treated  according  to  the  rules  of 
maxima  and  minima^  eives  53  kilogrammes  (1^3^  lbs.  averd.) 
for  the  weight  with  which  the  man  ought  to  be  loaded^  in  order 
to  produce  during  one  day,  by  ascending  stairs,  the  greatest 
useful  effect :  the  quantity  of  action  which  results  from  this  de- 
termination has  for  its  value  56  kilogrammes  (183|.Ib8.  averd.) 
raised  through  one  kilometer,  or  nearly  1094<  yards.  But  this 
method  of  working  is  attended  with  a  loss  of  three-fourths  of 
the  total  action  of  men,  and  consequently  costs  four  times  as 
much  as  work  in  which,  after  having  mounted  a  set  of  steps 
without  any  burthen,  the  man  should  suffer  himself  to  fall  by 
any  means,  so  as  to  raise  a  weight  nearly  equal  to  that  of  his 
own  body. 

From  an  examination  of  the  work  of  men  walking  on  a  ho- 
rizontal  path,  with  or  without'  a  load,  M.  Coulomb  concludes 
that  the  greatest  quantity  of  action  takes  place  when  the  men 
walk  being  loaded :  and  is  to  that  of  men  walking  under  a 
load  of  58  kilogrammes  (190i  lbs.  averd.)  nearly  as  7  to  4. 
The  weight  which  a  man  ought  to  carry  in  order  to  produce 
the  greatest  useful  effect,  namely,  that  effect  in  which  the  quan- 
tity of  action  relative  to  the  carrying  his  own  weight  is  de- 
ducted from  the  total  effect,  is  50*4  kOogrammes,  or  165*3  lbs. 
averdupois. 

There  is  a  particular  case  which  always  obtains  with  respect 
to  burthens  carried  in  towns,  viz.  that  in  which  the  men,  after 
having  carried  their  load,  return  unloaded  for  a  new  burthen. 
The  weight  they  should  carry  in  this  case,  to  produce  the  greatest 
effect,  is  61*25  kilogrammes  (£00*7  lbs.  averd.).  The  quantity 
of  useful  action  in  this  case  compared  with  tliat  of  a  man  who 
walks  freely  and  without  a  load  is  nearly  as  1  to  5,  or,  in  other 
words,  he  employs  to  pure  loss  ^  of  his  power.  By  causins  a 
man  to  mount  a  set  of  steps  freely  and  without  burthen,  his 
quantity  of  action  is  at  least  double  of  what  he  affords  in  any 
other  method  of  employing  his  strength. 

When  men  labour  in  cultivating  the  ground,  the  whole  quan- 
tity afforded  by  one  during  a  day  amounts  to  100  kilogrammes 
elevated  to  one  kilometer,  that  is,  32  8  lbs.  raised  1094  yards. 
M.  Coulomb  comparing  this  work  with  that  of  men  employed 
to  carry  burthens  up  an  ascent  of  steps,  or  at  the  pile-engine, 
finds  a  loss  of  about  •rV  part  only  of  the  quanti^  of  action 
which  may  be  neglected  in  researches  of  this  kind. 

In  estimating  mean  results  we  should  not  determine  from 
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experiments  of  short  duration^  nOr  should  we  make  any  de- 
ductions from  the  exertions  of  men  of  more  than  ordinary 
strength.  The  mean  results  have  likennise  a  relation  to  climate. 
''  I  have  caused/'  says  M.  Coulomb,  '*  extensive  works  to  be 
executed  by  the  troops  at  Martinico,  where  the  thermometer 
(of  Reaumur)  is  seldom  lower  than  20^  (iT  of  Fahrenheit). 
I  have  executed  works  of  the  same  kind  by  the  troops  in 
France :  atid  I  can  affirm  that  under  the  fourteenth  degree  of 
latitude,  where  men  are  almost  always  covered  with  perspira- 
tion, they  are  not  capable  of  performing  half  the  work  they 
could  perform  in  our  climate*."  BiUletin  de  la  Soc.  Philomath, 
No.  16. 

•  la  the  preceding  accpunt  of  the  effects  of  human  exertion,  tioce  the 
fTofesscd  object  was  to  sUle  the  mean  results  of  regular  and  uniform  la- 
boor,  we  ha?e  taken  no  notice  either  of  feau  of  extraordinary  strength,  or 
of  such  as  were  in  appearanct  such,  while  in  reality  they  were  the  eS>* 
feet  of  contrivance  and  skill,  and  might  have  been  performed  by  almost 
any  men  who  had  sufficient  knowledge  of  the  subject  to  exert  their  stren|^ 
ander  similar  circumstances.  Bat  as  it  may  be  expected  that  some  notice 
ahould  be  taken  of  such  matters,  we  shall  throw  into  this  iM>te  a  lew  re- 
marks which  ha?e  formerly  been  made  in  reference  to  them. 

M.  de  Ja  Hire,  in  an  Examination  of  the  Fvirce  <^  Men,  given  in  the 
Memoirs  of  the  Academy  of  Sciences  for  iGqq,  says,  "  There  are  men 
whose  spiriu  flow  so  abundantly  and  so  swifUv  into  their  muscles,  that 
they  exert  three  or  four  times  more  strength  than  others  do ;  and  this 
seems  lo  me  to  be  the  natural  reason  of  the  surprising  strength  that  we 
see  in  some  men  who  carry  and  raise  weights  which  two  or  three  ordinary 
men  can  hardly  sustain,  though  these  men  be  sometimes  but  of  a  moderate 
stature,  and  rather  appear  weak  than  strong.  There  was  a  man  in  this 
eountiy  a  liule  while  ago,  who  would  carry  a  very  large  anvil,  and  of 
whom  were  reported  several  wonderful  feats  of  strength.  But  I  saw  an- 
other at  Veniee,  who  was  but  a  lad,  and  did  not  seem  able  to  carry  above 
40  or  50 lbs.  with  all  possible  advantages ;  yet  this  young  fellow,  standing  ' 
upon  a  table,  raised  from  the  earth,  and  sustained  off  the  ground,  an  ass» 
by  means  of  a  broad  girt,  which,  going  under  the  creature's  belly,  was 
hung  upon  two  hooks  that  were  fastened  to  a  plat  of  small  cords  coming 
down  in  tresses  frum  the  hair  on  each  side  of  the  lad's  head,  which  were 
in  no  great  Quantity.  Ami  all  this  great  force  depended  only  upon  ihemus' 
det  of  the  ihoulders  and  those  of  the  loins :  for  he  stooped  at  first  whilst 
the  ho(^s  were  fastened  to  the  girt,  aud  then  raised  himself,  and  lified  up 
the  ass  from  the  ground,  bearingwith  his  hands  n|>on  his  knees.  He  raised 
also  in  the  same  manner  otlier  weigh u  that  seemed  heavier,  and  used  to 
•ay  he  did  with  more  ease,  because  tne  ass  kicked  and  struggled  when  first 
lifted  from  the  ground.*' 

Dr.  Desaguliers,  in  some  annotations  upon  De  la  Hire's  paper,  says, 
"  What  he  aUributes  here  to  the  muscles  of  the  kins  was  really  per- 
formed by  the  extensors  of  the  legs ;  for  the  young  man's  stooping  with 
his  hands  upon  his  knees  was  not  with  his  body  forwards  and  his  knees 
stiff,  but  his  body  u'^right  and  his  knees  bent,  so  as  to  bring  the  two 
cards  with  which  he  lifted  to  be  in  the  same  plane  with  his  ancles  and 
the  heads  of  his  thigh  bones ;  by  which  meant  the  line  of  direction  of 
the  man  and  the  whole  weight  came  between  the  strongest  part  of  his  two 
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70*  AmoDg  quadrupeds  the  most  useful  as  a  first  mover  of 
macbiiiery  is  the  horse.    The  strength  of  this  animal  is  pro> 

feet,  which  are  the  supports :  then  as  he  extended  bb  l^  he  raised  him- 
self, without  changing  the  line  of  direction.  That  this  must  have  been 
the  manner  I  am  pretiy  well  assored  of,  b)r  not  only  observing  those  that 
perform  such  fetits,  but  having  often  tried  it  myself.  As  for  the  mtiscles 
of  the  loins,  they  are  incapable  of  that  strain,  being  above  six  times  weaker 
than  the  extensors  of  the  le§m ;  at  least  1  found  them  so  in  myself. 

**  About  the  year  17 16,  having  the  honour  of  shewing  a  great  many 
experimenis  to  his  late  majesty,  king  George  the  first,  his  majesty  was 
desirous  to  know  whether  ihere  was  any  fallacy  in  those  feats  of  strength 
that  had  been  shewn  half  a  year  before,  by  a  man,  who  seemed  by  his 
make  to  be  no  strong^er  than  other  men:  upon  this  I  had  a  frame  of 
wood  made  to  stand  in  (and  to  rest  my  hands  upon)  and  with  a  girdle 
and  chain  lifted  an  iron  cylinder  made  use  of  to  roll  the  garden,  sustain- 
ing  it  easily  when  once  it  was  up.  Some  noblemen  and  gentlemen  who 
were  present  tried  the  experiment  afterwards,  and  lifted  the  roller ;  some 
with  more  ease,  and  some  with  more  difficulty,  than  I  had  done.  This 
roller  weighed  I900lbs.  as  the  gardener  told  us.  Afterwards  I  tried  to 
lift  300  lbs.  with  my  hands,  (viz.  two  pails  with  160  Iba.  of  Quicksilver 
in  eocb),  which  1  did  indeed  raise  from  the  ground,  but  strained  my  back 
ao  as  to  feel  it  three  or  four  days  :  which  shews  that,  in  the  same  person, 
the  muscles  of  the  loins  (which  exerted  their  force  in  this  last  experiment) 
are  more  than  six  times  weaker  than  the  extensors  of  the  legs ;  for  I  felt 
no  inconveniency  from  raising  the  iron  roller.** 

During  the  time  occupied  in  printing  the  second  volume  of  Dr.  Desa* 
auliers's  Philosophy,  a  man  of  great  natural  strength  exhibited  himself  in 
London :  of  this  man  the  doctor  gives  an  account,  from  which  the  follow- 
ing is  extracted : 

"  Tkcmas  Topham,  born  in  London,  and  now  about  31  years  of  age» 
five  feet  ten  inches  high,  with  muscles  very  hard  and  prominent,  wa» 
brought  up  a  carpenter,  which  trade  he  practised  till  within  these  six  or 
seven  years  that  he  has  ahewed  feats  of  strength  :  but  he  i^  entirely  igno- 
rant of  any  art  to  make  his  strength  more  surprising.  Nay,  someumes  he 
does  things  which  become  more  difficult  by  his  disMlvanUgeous  situation  ; 
attempting,  and  often  doing,  what  he  hears  other  strong  men  have  done, 
without  making  use  of  the  same  advantages. 

•*  About  six  yean  ago  he  pulled  against  a  horse,  sittii}g  upon  the 
ground  with  his  feet  against  two  stumps  driven  into  the  grotind,  but 
without  the  advantages  which  might  have  been  attained  by  placing  him- 
self in  a  proper  situation  ;  the  horse,  howerer,  was  not  able  to  move  him, 
and  he  thought  he  was  in  the  right  posture  for  drawing  against  a  horse : 
but  when,  in  the  same  pasture,  he  attempted  to  draw  a^inst  two  horses, 
be  was  pulled  out  of  his  place  by  being  lifted  up,  and  had  one  of  hit 
knees  struck  against  the  stumps,  which  shattered  it  so,  that,  even  to  thk 
da?,  the  patella,  or  knee  pan,  is  so  loose,  that  the  ligaments  of  it  seeA 
either  to  be  broken  or  quite  relaxed,  which  has  taken  away  most  of  the 
strength  of  that  leg.** 

The  exploiu  which  Dr.  Desagulierssaw  him  perform  were  these : 

•«  I.  By  the  strength  af  his  fingers  (only  rubbed  in  coal  ashes  to  kee^ 
them  from  slipping,)  he  rolled  up  a  very  strong  and  large  petvter  dish. 

*'  8.  He  broke  seven  or  eight  short  and  strong  pieces  of  tobacco-pipe 
with  the  force  of  hit  middle  finger,  having  laid  them  on  the  first  and  third 
fnger. 
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bab^  about  six  dmes  that  of  a  man.     Desaguliere  statse  the 
^]MX>portion  as  5  to  1 ;  coinciding  with  the  deductions  of  Smea- 

**  3.  Having  thrust  in  under  his  garter  the  bowl  of  a  strong  tobacco- 
pipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his  hams, 
withoat  altering  the  bending  of  his  leg.    * 

"4.  He  Srokc  such  another  bowl  between  his  first  and  second  finger, 
by  pressing  his  fingers  logether  sideways. 

"  5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred  weight 
hanging  at  the  end  of  it,  with  his  teeth,  and  lield  it  in  an  horizontal 
position  for  a  considerable  time.  It  is  true  the  feel  of  the  table  rested 
jgainst  hi«  knees  ;  but,  as  the  length  of  the  table  was  much  greater  than  its 
height,  that  performance  requirecl  a  great  strength  to  be  exerted  by  the 
muscles  of  his  loins,  thoie  of  his  neck,  the  masseter  ai^d  temporaU  (inusclet 
of  the  jaws),  besides  a  good  set  of  teeth. 

"  6.  He  took  an  iron  kitchen  poker,  about  a  yard  long,  and  three  inches 
in  circumference,  and,  holding  it  in  his  right  hand,. he  struck  upon  his  bare 
left  arm,  between  the  elbow  and  the  wrist,  tilt  he  bent  the  poker  nearly  to 
a  right  an^le. 

'<  7.  He  took  such  another  poker,  and  holdine  the  ends  of  it  in  his 
handb,  and  the  middle  against  the  back  of  his  neck,  he  brought  both  ends 
of  it  logether  before  him  ;  and,  what  was  yet  more  difRcult,  he  pulled  it 
almost  straight  again :  because  the  muscles  which  separate  the  arms 
horizontally  from  each  other  are  not  so  strong  as  those  that  bring  them  to- 
gether. 

**  8.  He  broke  a  rope  of  about  two  inches  in  circumference,  which  was 
in  part  wound  about  a  cvlinder  of  four  inches  diameter,  having  fastened 
the  other  end  of  it  to  straps  that  went  over  his  shoulders.  But  he  exerted 
more  force  to  do  this  than  any  other  of  his  feats,  from  his  awkwardness  in 
going  about  it ;  for  the  rope  yielded  and  stretched  as  he  stood  npon  the  cy- 
linder, so  that  when  the  extensors  of  the  legs  and  thighs  had  done  their 
office  in  bringing  his  legs  and  thighs  straight,  he  was  forced  to  raise  his 
heels  from  their  bearings,  and  use  other  muscles  that  are  weaker.  But  if 
the  rop'*  had  been  so  fixed  that  the  part  to  be  tiroken  had  been  shfirt,  it 
would  have  been  broken  with  four  times  less  difficulty. 

"  Q.  I  have  seen  him  lift  a  rolling  stone  of  abimt  800  lbs.  with  his  hands 
only,  standing  in  a  frame  above  it,  and  taking  hold  of  a  chaiu  that  was 
fastened  to  it.  By  this,  1  reckon  he  may  be  almost  as  strong  again  as  those 
who  are  generally  reckoned  the  strongest  men,  they  generally  lifting 
no  more  than  400  lbs.  in  that  manner.  The  weakest  men  who  are  in 
health,  and  not  too  fat,  lift  about  iid  lbs.  having  about  half  the  strength  of 
fht  strongest. 

*'  N.B.  This  sort  of  comparison  b  chiefly  in  relation  to  the  muscles  of 
the  loins;  because  in  doing  this  one  must  stoop  forwards  a  little.  We 
must  also  add  the  weight  of  the  body  to  the  weight  lifted.  So  that  if  the 
ifeakest  man*s  body  weigh  150  lbs.  that  added  to  125  lbs.  makes  the  whole 
weight  lifted  by  him  to  be  975  lbs.  Then  [f  the  stronger  man*s  bqdy 
weighs  also  150  lbs.  the  whole  weight  lifted  by  him  will  btr  550  lbs.  that  is 
400  lbs.  and  the  150  lbs.  which  his  body  weighs.  Topham  weighs  about 
^MM)lbs.  which,  added  to  the  800  lbs.  that  he  lifts,  makes  1000  lbs.  But 
he  ought  to  lift  gOO  lbs.  besides  the  weight  of  his  body,  to  be  as  strong  again 
as  a  man  of  150  lbs.  weight  who  can  lifY  400  lbs.** 

Again  :  *'  About  thirty  years  ago  one  Joyce,  a  Kentish  man,  famous 
for  his  great  strength,  shewed  several  feats  iu  London  and  the  country, 
which  so  much  surprised  the  spectators,  that  he  was  by  most  people 
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too,  before  mentioned.  The  French  authors  commonly  reckon 
7  men  for  1  horse.  As  a  mean  between  these,  we  took,  m 
art.  378.  vol.  I.  the  proportion  of  6  to  1,  and  stated  the  strength 
of  a  horse  as  equivalent  to  420  lbs.  at  a  dead^'pull.  But  the 
proportion  is  by  no  means  constant,  for  it  varies  greatly  accord- 
ing to  the  different  kinds  of  work.  Thus  the  worst  way  of  ap» 
plying  the  strengdi  of  a  horse  it  to  make  him  carry  a  weight  up 

called  ikf  second  Sampton,  But  though  the  postures  which  he  had  learnt 
to  put  his  body  into,  and  found  out  by  practice  iritho^t  any  mechanical 
theory,  were  such  as  would  make  a  man  of  common  strength  do  such 
feats  as  would  appear  surprising  to  every  one  who  did  not  know  the 
adTantage  of  those  positions  of  the  body ;  yet  nobody  then  attempted  to 
draw  againiit  horses,  or  raise  great  weights,  or  to  do  any  other  thing  in 
imitation  of  him :.  because,  as  he  was  very  strong  in  the  arms,  and 
grasped  those  that  tried  his  strength  that  way  so  hard  that  they  were 
obliged  immediately  to  desire  him  to  desist,  his  other  feats  (wherein  his 
manner  of  acting  was  chiefly  owing  to  the  mechanical  advantage  gained 
by  the  position  of  his  body,)  were  entirely  attributed  to  his  extraordinary 
atrensth. 

**  But  when  he  had  been  gone  out  of  England,  or  had  ceased  to  shew 
his  performances  for  eight  or  ten  years,  men  of  ordinary  strength  found  oat 
the  way  of  making  sucn  advantage  of  the  same  postures  as  Joyce  had  put 
himself  into  as  to  pass  for  men  ofmore  than  common  strength,  by  drawmg 
against  horses,  breaking  ropes,  lifting  vast  weights,  &c.  (though  they  could 
in  none  of  the  postures  really  perform  so  much  as  Joyce,  yet  they  did 
eiMmgh  to  amaze  and  anmse,  and  get  a  great  deal  of  money),  so  that  every 
two  or  three  years  we  had  a  new  second  Sampson. 

*'  About  fifteen  years  ago  a  German  of  middle  size*  and  but  ordinary 
ttren^h,  shewed  himself  at  the  Blue  Posit,  in  the  Hay  market,  and,  by  tht 
contrivances  above-mentioned,  passed  for  a  man  of  uncommon  strength^ 
and  got  considerable  sums  of  money  by  the  daily  concourse  of  spectators* 
After  having  seen  him  once,  I  guessed  at  his  manner  of  imposing  upon 
the  multitude ;  and  being  resolved  to  be  fully  satisfied  in  tne  matter,  I 
look  four  verv  curious  persons  with  me  to  see  him  again,  viz.  the  lord  mar- 
quis of  Tullibardin,  Dr.  Alexander  Smart,  Dr.  Pringle,  and  a  mechanical 
workman  who  used  to  assist  me  in  my  courses  of  experiments.  We  placed 
ourselves  in  such  manner  round  the  operator,  as  to  be  able  to  observe 
nicely  all  that  he  did ;  and  found  it  so  practicable,  that  we  performed  se* 
▼eral  of  his  feats  that  evening  by  ourselves,  and  aflerwards  I  did  the  most  < 
of  the  rest,  as  I  had  a  frame  to  sit  in  to  draw,  and  another  to  stand  in  and 
lift  great  weights,  together  with  a  proper  girdle  and  hooks,  1  likewise 
shewed  some  of  the  experiments  before  the  Royal  Society  ;  and  e%'er  sinct 
at  my  experimental  lectures  I  explain  the  reason  of  such  performances,  and 
take  anv  person  of  ordinary  strength  that  has  a  mind  to  try,  who  can  easily 
do  all  that  the  German  abo^e- mentioned  used  to  do,  wittiout  any  danger 
of  extraordinary  straining,  by  making  use  of  my  apparatus  for  that  pur* 
pose.**  • 

The  Doctor  then  proceeds  to  explain  the  principles  on  which  these 
achievements  depended,  and  illustrates  his  positions  by  various  diagrams. 
He  likewise  describes  some  contrivances  to  determine  the  strength  which 
men  exert  in  different  ways;  for  an  account  of  the  chief  of  which,  the 
reader  may  turn  to  the  article  Steeltard,  to  asceriain  the  Strength  of 
Men,  in  a  subsequent  part  of  this  volume. 
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a  steep  hill ;  while  the  organization  of  a  man  fita  him  very  well 
for  thii  kind  of  labour :  hence,  three  men  climbmg  up  such  a 
hill  with  a  weight  of  100  lbs.  each,  will  proceed  faster  than  a 
borse  with  a  load  of  600  lbs.  This^  we  believe,  was  first  ob» 
served  by  M.  de  la  Hire. 

M.  Schulze,  in  a  paper  inserted  in  the  Memoirs  of  the  Berlin 
Academy  for  nS3,  has  described  a  series  ^f  experiments  insti* 
luted  for  the  purpose  of  determining  whether  in  estimating 

anUnal  power,  the  formula  F=:f(l  -^V  =  ^  C^Y  f*'^' 
377.  voi.  I.]  or  F  rr  f  (1  —  —;)  should  be  used;  and  proves 

clearly  that  the  former  deserves  the  preference.  He  assigns  the 
mean  value  of  human  strength  as  equivalent  to  29  or  30  pounds, 
with  a  velocity  of  2}  feet  per  second.  But  he  estimates  the 
entire  effect  of  a  horse  exertmg  himself  horizontally,  as  pmrteen 
times  that  of  a  man.     Thi.s,  we  apprehend,  is  far  too  high. 

We  are  not  acquainted  with  any  series  of  experiments  which 
have  been  made  with  a  view  of  determining  the  weights  horses 
can  carry  when  moving  up  slopin^r  roads,  making  given  angles 
with  the  horizon :  but,  fortunately,  this  deficiency  is  not  of 
much  consequence,  because  the  carrying  of  weights  is  far  from 
the  best  manner  of  employing  the  strength  of  a  horse.  It  is 
known,  however,  that,  in  general,  a  horse  loaded  with  a  man  and 
his  equipage,  weighing  altogether  about  2cwt.  may,  without 
being  forced,  travel,  in  7  or  8  hours,  the  distance  of  43000 
yards,  oi  nearly  25  miles,  upon  a  good  road.  When  a  horse 
travels  day  after  day  without  cessation,  either  the  weight  he 
carries  or  the  distance  passed  over  must  undergo  some  diminu- 
tion, as  well  as  the  time  actually  employed  in  travelling :  but  we 
do  not  pretend  to  assign  a  mean  value  in  this  place. 

71.  in  the  Memoirs  of  the  French  Academy  for  170S,  are 
inserted  the  comparative  observations  of  M.  Amontons,  on  the 
velocity  of  men  and  of  horses ;  in  which  he  states  the  velocity 
of  a  horse  loaded  with  a  man  and  walking  to  be  rather  more 
than  5^  feet  per  second,  or  3i  miles  per  hour,  and  when  going 
a  moderate  trot  with  the  same  weight  to  be  about  8}  feet  per 
second,  or  about  6  miles  per  hour.  These  velocities,  however, 
are  somewhat  less  than  what  might  have  been  taken  for  the  mean 
velocities. 

72.  But  the  best  way  of  applying  the  strength  of  horses  is  to 
make  them  draw  weights  in  carriages,  &c*    To  this  kind  of 

Jabour,  therefore,  the  enquiries  of  experimentalists  should  be 
directed.  A  horse  put  mto  harness  and  making  an  effort  to 
draw  bends  himself  forward,  iuclines  his  legs,  and  brings  his 
breast  nearer  to  the  earth ;  and  this  so  much  the  more  as  the 
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effort  16  the  more  considerable.  So  that  when  a  horse  is  em* 
ployed  in  drawincr,  his  effort  will  depend,  in  some  measure,  both 
upon  his  own  weight  and  that  whieh  he  carries  on  his  back. 

Indeed  it  is  highly  useful  to  load  the  back  of  a  drawing  horse 
to  a  certain  extent ;  though  this,  on  a  slight  consideration,  might 
be  thought  to  augment  unnecessarily  the  fatigue  of  the  animal :  ' 
but  it  must  be  considered  that  the  mass  with  which  the  horse  is 
charged  vertically  is  added  in  part  to  the  effort  which  he  makes 
in  the  direction  of  traction,  and  thus  dispenses  with  the  neces- 
sity of  his  inclining  so  much  forward  as  he  must  otherwise  do; 
and  may^  therefore,  under  this  point  of  view,  relieve  the  draught 
more  than  to  compensate  for  the  additional  fatigue  occasioned 
by  the  vertical  pressure.  Carmen,  and  waggoners  in  general^ 
are  well  aware  of  this,  and  are  commonly  very  careful  to  dis- 
pose of  the  load  in  such  a  manner  that  the  shafts  sliall  throw  a 
due  proportion  of  the  weight  on  the  back  of  the  shaft  horse. 

73.  The  hest  diBposition  of  Uie  traces  during  tlie  time  ahorse 
is  drawing  is  to  be  perpendicular  to  the  position  of  the  collar 
upon  bis  breast  and  shoulders:  when  the  horse  stands  at  ease, 
this  position  of  the  traces  is  rather  inclined  upwards  from  th« 
direction  of  the  road ;  hut  when  he  leans  forward  to  draw  the 
load,  the  traces  should  then  hecome  nearly  parallel  to  the  plane 
over  which  the  carriage  is  to  he  drawn;  or,  if  he  he  employed  in 
drawing  a  sledge,  or  any  thing  without  wheels,  the  inclination  of 
the  traces  to  the  road,  supposing  it  to  be  horizontal,  should 
(from  what  we  observed  when  treating  of  friction)  be  about  ISi^ 

74.  From  the  preceding  observations  it  will  be  easy  in  most 
cases  to  adapt  tlie  size  of  the  wheels  to  tliat  of  the  animal  which 
is  to  draw  in  the  shafts,  so  that  when  he  leans  forward  to  his 
work  the  traces  may  be  nearly  parallel  to  the  road,  whether 
that  road  be  horizontal  or  not:  always  recollecting  that,  if  there 
be  any  variation  from  the  parallel  position,  it  must  be  rather  in- 
clining upwards  than  downwards ;  as  the  former  will  somewhat 
diminish  the  friction,  while  the  latter,  instead  of  raising  the 
wheels  from  any  hollow  into  which  they  may  fall,  will  tend  tQ 
draw  them  dpwn  lower,  a;id  much  increase  the  labour  of  thi5 
ai^n^al. 

15,  When  several  horses  are  harnessed  one  before  auother,  so 
that  they  may  ^1  draw  at  the  same  load,  and  the  slope  on  which 
they  are  drawing  changes,  as  from  da  to  a  B  (fig.  6.  pi.  I.)  the  effort 
of  the  horse  w  hicli  draws  along  the  road  ab  is  decomposed  into 
two  parts,  of  which  one  tends  to  pull  up  the  load,  tlie  other  to 
pull  dowfi  the  iiorse  vviiich  is  in  the  shafts  and  is  drawing  along 
the  slope  da  'i  his  latter  composant  is  always  greater  as  the 
traces  of  the  foremost  horse  are  the  longer;  and  it  may  be 
Moith  while  to  lind  its  values,  and  its  augmentation  with  reg^ 
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to  an  increase  io  the  length  of  the  traces.  To  this  emi  let  ba^ 
be  the  height  above  ad  of  the  breast  of  the  horse  which  draws 
in  the  shd^ts  near  the  point  a,  and  let  er  and  er^  be  two 
different  lengths  of  the  traces ;  the  breast  of  the  horse  when 
harnessed  to  either  of  these  traces  being  at  the  same  distance 
from  the  plane  ab',  that  i»,  br=bV=ea^  Take  bf=bf^  to 
represent  the  effort  of  the  horse  in  the  direction  of  the  trace ; 
draw  Eo^  parallel  to  da^  £q  perpendicular  to  ba  produced,  Eg 
parallel  to  ab;  and  vq,  pV,  perpendicular  to  E^.  The  effort 
which  tends  to  pull  the  norse  down  whose  breast  is  at  e  is 
represented  by  vq,  when  the  breast  of  the  other  horse  is  al  r, 
and  by  f';'  when  it  is  at  r';  and  ^b^  q^E  are  the  corresponding 
efforts  tending  to  raise  the  load  along  the  slope  da.  Make 
EA^r:RBaffRV=£a,  ES=:A>  EU'=:X'y  angle  a'bq  =:^b^=:  sup^ 
plem.  BAB=Sy  and  efz:ef'=^«  Then,  when  the  trace  er  ia 
osed,  the  effort  which  tends  to  pull  down  the  shaft  horse  when 
he  just  reaches  the  summit  of  the  slope  will  be  sf -sinf  BP=f  sin 
(^Bg  — FE^)y  and  the  effort  tending  to* raise  the  load  will  be 
=f  cos  (^Eg  —  FEg).  In  like  manner,  when  the  foremost  horse 
draws  by  the  trace  er^,  the  effmrt  tending  to  pull  down  die 
Aaft  horse  will  be  represented  by  ^  sin  (^Bg^— F^Eg'),  and  that 
which  tends  to  draw  up  the  carriage  by  p  cos  (fEg'— F'Eg^). 

Now  we  have  sin  f'e^=:  — ,  and  sin  FEg=  -^  =  j^.    But 

RgsBR-^BQsn— a  cos  f  =ra  (1—  COS  s).  Recollecting, 
therefore,  that  the  angles  FEg,  F^Eg,  are  always  so  small  that 
the  arcs  differ  very  little  from  the  sines,  we  have  Fsgs 

*  ~*^'  ^  and  F'Eg'=:  -<»»0.  jjjggg  values  being  substituted 
in  the  preceding  expressions,  give 

(8)...Ky=f.cos(,--il:^). 
.^v  /  /        a(l— cotO\ 

(4). .  .e/=s?)cos(^«-  -i-jj — 'y 

Suppose,  for  example,  that  ab  is  horizontal,  and  that  die 
ascent  da  is  such  that  for  every  6  feet,  as  CN  in  a  horizontal 
plane,  the  vertical  rise  na  shall  be  one  foot:  this  slope  is  too 
steep  for  any  common  road,  but  may  be  sometimes  met  with  in 
ascents  from  stone  quarries,  8lc.  In  this  case  the  angle  s  will 
be  nearly  9^  28',  which,  expressed  in  decimal  parts  of  the 
radius,  gives  s=H)' 16522,  and  cos  s^O'QSGSS.    Let  the  effort 
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pjoi^OO lb.,  aasgH  feet,  Xs6  iM,  and  X^s  18  ieet   Theft  Aall 
webavoy 

(1) . .,  F?=200sin  ((>ie52^-i!i^ll±?2!2!>) 

=200  sia  9*  7'  29''=31"7l6lb« 

(?) . .  .^y  =200  8m(0-16522-  i!:5<ilg^?52!l) 

.    =:s200sm9'l4'29"=S2-25lb$. 
(3) . . .  »jr  :5200  cos  9*  1'  29' = l77-47lb8. 
(4);. .  ^  Ea'=2b0/co89*  H' 29''=;197-404lbf . 

/.  HettCf  it  iippe«r%  di«t  thehoraewfaoie  breMt  is  at&is|m]M 
4Qllwvfr«b  by  Ifae  other  honse^  wkh  a  feroe  equhraleat  to  about  ^ 
SAlbl:  thia  <viw^gbl  is  vnfil  for  a  horse  that  is  aot  fatigued;  but 
Vie.  should  eonsider,  that  i^hen  drawiag  up  a  steep  jxiad  the 
•likopdVstieugtkis  iii\ich  weak^oed,  so  Aat  kmaj  be  obUaed 
fp  ^Id  to  a  ferjr  smaU  effort.  A  lengthening  of  four,  ^et 
tQ  f  ttmoi.  of  ei^t  fiset  wiU  produM.  aa  aiigiMatatioii  of 
88'SS*rS4-7i63:0*6S4lbB.  in  the  effort  whi^  tends  to  puU 
tbei^aft  boi9t  down,  and  a  diminution  of  197*47  —  197*404= 
OifWlkfi,  in  theeffert which  raises tlie  load  up  the  hill.  These 
quMitie^  are  not  considerable;  but  it  appeared  derirable  to 
eiplaia  the  iQelfao4  of  ascertaining  their  magnitude.  And.  it 
mdy  be  added,  that  when  a  horse  pulls  foronlpr  a  short  time,  as 
a  few  minute;^  he  will  often  exert  a  force  equivalent  to  500  or 
(^(XHbs*:  in  u^luch  case^  the  tendency  to  puU  down  a  shaft  hone 
riling  a  hiil  would  be  thrice  as  much  as  we  have  irtatedit  abote: 
a  for^^  against  which  no  horse  could  stand  in  such  a  disadvaota- 
geousposition^ 

76.  When  a  hone  is  made  to  move  in  a  circular  path,  as  is 
often  practised  in  milb  and  other  machines  moved  by  hones,  it 
will  be  necessary  to  give  the  circle  which  the  animal  has  to 
walk  round  the  greatest  diametei^  that  wUl- comport  with  the 
local  and  odier  ^conditions  to  which  the  motion  must  be  sub- 
jected. It  is  obyioDSy  indeed,  )bat,  since  a  rectilinear  motion  is 
the  most  easy  (or  the  horie,  the  less  the  line  in  which  he  moves  is 
curved,  with  the.greater  fieicitity  he  will  walk  over  it,  and  the  less 
he  need  recline  from  a  vertical  position;  and  besides  this,  vrith 
equal  velocity  u^t  cei^lifugal  force  will  be  less-ih  die  greatest 
ciFcie,  which  will  proportionally  diminish  t)ie  friction  of  the 
cylindrical  part  of  the  truni^ous,  and  the  labour  of  moving  die 
machiue.  And,  further,  the  greater  the  diameter  of  the  horse- 
^Vfalk,  the  neai;er  the  chor^  of  the  circle  in  which  the  horse  draws 
IS  to  coincidence  with  the  tangent,  which  is  the  most  advantageous 
position  of  the  line  of  traction.  On  these  accotmts  it  is  that, 
although  a  horse  mtyf  draw  in  a  circttUr  walk  of  18  feet 
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Hiftmelery  yet  in  general  it  is  adviseable  that  the  diameter  of 
such  a  Mralk  should  not  be  less  than  25  or  80  feet;  and  in  manj 
instances  40  feet  would  be  preferable  to  either. 

77.  It  has  been  stated  by  Desaguliers  (vol.  I.  p.  251.)  and 
some  others,  that  a  horse  employed  daily  in  drawing  nearly 
korizoutaily  can  move,  during  eight  hours  in  the  day,  about 
SOOlbs.  at  the  rate  oi^\  miles  per  hour,  or  3^  feet  per  second. 
If  die  Aveight  be  augmented  to  about  2^  or  250lbs.j  the  horse 
cannot  Work  more  than  six  hours  a  day,  and  that  with  k  less 
Telocity.  And,  in  bofh  cases,  if  hecarry  some  weight,  he  will 
draw  bettek*  than  if  he  carried  none  (art.  7£).  M.  Sauveur 
estimates  the  mean  effort  of  a  horse  at  175  French,  or  IBS' 
aterdtf  pound8>  Mrith  a  Telocity  of  rather  more  than  three  fee| 
per  second:  and  this  agrees  very  nearly  with  our  deduction  lA 
art.  378.  vol.  I.  But  all  these  are  probably  too  high  to  be 
oentitioed  for  eight  hours,  day  after  day;  for  in  our  investigatibil 
Just  referred  to  we  assumed  10  feet  per  second,  as  the  utmost 
walking  velocity  of  a  horse;  a  velocity  which  we  conceive  no 
horse  would  be  able  to  continue  long.  In  another  place 
Desaguliers  states  the  mean  work  of  a  horse  as  equivalent  to 
the  raising  a  hogshead  full  of  water  (or  5dOlbs.)  50  feet  high  in 
a  minute.  But  Mr.  Smeaton,  to  whose  authority  much  is  due, 
asserts,  from  a  number  of  experiments,  that  die  greatest  effect  is 
the  raising  550  lbs.  forty  feet  high  in  a  minute.  And,  from 
some  experiments  made  by  the  Society  for  the  Encourageibent 
of  Arts,- under  the  direction  of  their  late  able  secretary,  Mr. 
Samuel  Moore,  it  was  concluded,  that  a  horse  moving  at  the 
rate  of  three  miles  an  hour  can  exert  a  force  of  dOlbs.  Unluckily^ 
we  are  not  sufficiently  acquainted  with  the  nature  of  the  ex« 
periments  and  observations  from  which  these  deductions  were 
made,  to  institute  an  accurate  comparison  of  their  results. 
Neither  of  them  ought  to  express  what  a  horse  can  draw  upon 
a  carriage ;  because  in  that  case  friction  only  is  to  be  overcome 
(after  the  load  is  once  put  into  motion);  so  that  a  middling 
horse,  well  applied  to  a  cart,  will  often  draw  much  more  diau 
1000 lbs.  The  proper  estimate  would  be  that  whibh  measures 
the  weight  that  a  horse  would  draw  up  out  of  a  well;  the 
animal  actuig  by  a  horizontal  line  of  traction  turned  into  the 
.  vertical  direction  by  a  simple  pulley,  or  roller,  whose  friction 
should  be  reduced  as  much  as  possible.  It  would,  indeed,  be 
far  the  best,  in  all  tlie  instances  of  experiments,  to  use  no  such 
combinations  of  machinery  as  would  make  the  velocity  of  the 
load  or  weight  different  frpm  that  of  the  animal:  we  could  then 
readily  compare  the  different  results  by  means  of  the  expression 

9 

M  a  ( w  —  v)*,  or  M  a  (w  —  v)"''  (art.  378.  vol.  I.),  where  v  repre- 
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•ents  die  velocity  in  feet  per  second  with  which  the  amaial 
moves  the  mass  m,  and  w  his  greatest  walking  velocity,  or  that 
in  which  he  can  move  no  weight  but  his  own.  Thus  might  we 
obtain  a  mean  estimate  of  me  animal'^  strength  at  any  one 
velocity,  and  could  thence  infer  his  maximum  of  useful  effort ; 
namely,  that  when  v  is  nearly  -f w.  As  to  the  absolute  power 
of  the  animal,  it  might  be  inferred  in  any  case  of  raismg  a 
weight  with  his  own  velocity,  by  means  of  tlie  formula  f  = 
(m  +  h)  y+Mgt,  where  m  and  v  are  as  before,  h  the  weight  of 
the  horse,  f  its  powers  gzzS2x  feet  the  measure  of  the  force  of 
gravity^  and  /  die  time  in  seconds  during  which  the  animal 
continues  his  uniform  exertion* 

78.  It  follows,  from  M'hat  has  been  said,  and  from  the  consi- 
deration of  the  strengths  of  horses  variously  employed,  such  as 
waggon  horses,  dray  horses,  ploueh  horses,  heavy  horses,  light 
coach  horses,  &c*  that  what  is  called  **  horse  pou>er"  is  of  sa 
fluctuating  and  indefinite  a  nature,  that  it  i?  perfectly  ridiculous 
to  assume  it  as  a  common  measure,  by  which  the  force  of 
steam-engines  and  other  machines  should  be  appreciated.  In 
most  of  the  deductions  which  have  been  hitherto  made  we 
apprehend  there  maybe  something  of  temporary  effort:  and  we 
think,  on  the  whole,  that  about  70lbs.,  at  three  miles  an  hour, 
or  4f  feet  per  second,  may  be  a  fair  estimate  for  the  regular 
work  of  stout  London  cart  horses;  though  we  would  infer, 
with  Mr.  Nicholson,  **  that  the  animal  can  double  his  strength 
for  a  short  time,  such  as  ten  minutes,  without  receiving  any  iu« 
jury  from  the  exertion." 
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AJ[«UBE17CA|4;.T  ARRANOEP. 


AiR-P0MP  is  a  machbe  by  means  of  which  the  air  may  be  ex«- 
hausled  oat  of  proper  vessels,  so  as  to  make  what  is  popularly 
called  a  vacuum,  but  which  is,  infacty  only  a  very  high  degree  of 
rarefaction. 

The  invention  of  this  noble  instrument,  to  which  the  present 
^e  is  indebted  for  so  many  admirable  discoveries,  is  ascribed  Iq 
Otto  de  Guericke,  a  consul  of  Magdeburg,  who  exhibited  his 
first  public  experiments  with  his  pump  before  the  emperor  and 
the  states  of  Germany  at  the  breaking  up  of  the  imperial  diet  at 
Ratisbon,  in  the  year  1654.  Quencke,  indifferent  about  the 
solitary  possession  of  an  invention  which  afforded  such  enter- 
tainment  to  the  numerous  persons  who,  from  time  to  time, 
witnessed  his  experiments,  gave  a  minute  description  of  all  his 
pneumatic  apparatus  to  Gasper  Schottus,  professor  pf  mathe* 
matics  at  Wirtemberg,  who  published  it,  with  the  consent  of 
the  inventor,  with  an  account  of  some  of  its  performances,  fifs( 
in  1657,  in  his  Mechanica  Hydraultco'fneumatica;  and  then^ 
in  1664',  in  his  Technica  Curtosa,  Guencke's  own  account  was 
not  published  till  1672. 

About  the  time  of  Guencke's  invention  the  foundations  of 
the  Royal  Society  of  London  were  laid,  Boyle,  Wren,  Brounker, . 
Wallis,  and  other  learned  men,  held  firequent  meetings  at  Ox- 
ford, in  which  accounts  were  received  and  related  of  all  im- 
portant advances  in  the  study  of  nature ;  and  many  experiment^ 
were  exhibited.  The  researches  of  Gralileo,  Torricelli,  and 
Pascal,  concerning  the  pressure  of  the  air,  had  greatly  engaged 
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their  attention,  and  thus  prepared  them  for  the  invention  of 
Guericke.  Mr.  Boyle,  in  particular,  as  soon  a^  he  heard  what 
had  been  accomplished  by  the  philosopher  of  Magdeburg,  an4 
before  any  description  of  his  machine  had  been  publii^hed,  set 
about  the  construction  of  one,  to  answer  the  same  purposes; 
and  succeeded  in  the  attempt :  though  he  frankly  acknowledges 
that  it  was  but  seldom,  and  with  great  difficulty,  tliat  he  could 
produce  an  extreme  degree  of  rarefaction;  such  as  it  appeared, 
from  the  account  of  Schottus,  was  obtained  by  means  of 
Quericke's  machine. 

Boyle's  instrument  was  somewhat  improved  by  Hawksbee, 
«nd  further  by  Martin ;  with  some  slight  modifications  to  parti- 
cular views,  it  still  remains  the  most  approved  form,  'i  he  air- 
pump  we  described  in  art.  521.  vol.  I.  is  only  so  far  varied  from 
Hawksbee's  improvement  of  Boyle's  oiigiual  contrivance,  as  to 
render  it  more  portable.  The  machine,  in  its  primitive  state, 
is  described  in  the  article  Pneumatics^  English  Encyclopadia; 
where,  also,  the  successive  improvements  of  Smeaton,  Cuth- 
bertson,  &c.  are  described  at  large.    See  also  the  Panto- 

LOGfA. 

Many  other  mgenious  attempts  have  been  made,  during  the 
last  ten  or  twelve  years,  to  improve  the  mechanism  of  the  air- 
pump;  to  describe  a  fotu-th  part  of  which  would  extend  this 
article  to  more  than  its  due  length.  Justice,  however,  to  the 
authors  of  these  improvements,  as  \^  ell  as  a  desire  to  gratil^ 
the  reader,  induces  us  to  reftr  to  Nicholson's  Journal,  vols.  f. 
and  II.  4to.  for  descriptions  of  the  air-pumps  invented  by  Messrs* 
Prince,  Sadler,  Litde,  Sir  G.  Mackenzie,  Sac.  and  to  M  i .  Vince'^ 
Hydrostatics  for  an  account  of  the  pump  used  by  that  gentle* 
man  in  his  lectures. 

Notwithstanding  the  many  improvements  which  have  sac- 
f  cssivel^  foUoM'ed  each  other  in  the  construction  of  the  .air- 
pump,  It  was  still,  however,  desirable  that  it  should  be  further 
simplified  in  its  mechanism,  \ihile  it  possessed  the  same  ad- 
vantages as  attended  those  of  more  complicated  structure. 
Cuthbertson, '  Haais,  and  some  others,  have  so  contrived  their 
instruments,  that  their  mechanical  power,  and  not  die  pressure 
of*  air,  should  open  the  valves:  but,  although  the  air-pumps  in- 
dented by  these  gentlemen  are  exce^ingly  ingenious,  tliey  are 
^  in  some  respects  so  con  plex,  that  it  must  be  very  difficult  for 
many  persons  who  pOsse!>s  these  instruments  to  clean  them,  or 
to  keep  them  in  proper  order  for  experiments. 

Mr.  N.  Mendelsohn,  a  mAthetnatical  instrument-maker,  of 
Siirrey*street,  Black-fri^,  having  reflected  upon  the  difficuU 
lies  just  alliided  to,  was  led  to  the  construction  of  a  mone 
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nmple  air-ptiinpi  which  ii  capable  of  bahig  put  together  in  less 
tfiaa  half  an  boor^  wbenerer  it  is  cleaned,  and  reqniies  that 
operation  'very  seldom.  He  has  rejected  the  tube  which^  iu 
^  common  air-pumps,  leads  from  the  Talves  to  the  receiTer,  toge^ 
dier  with  the  cock  dtat  serves  to  shnt  this  pipe :  the  receiver  ti 
placed  immediately  upon  the  vriveB,  these  being  put  on  this  top 
of  the  cyMnderSy  which,  consequently,  required  the  rackwork 
and  pinion  being  underneath,  and  inverted  the  wholly  instru- 
ment. See  the  drawing,  pL  IV.  where  ab  and  cd  represent 
the  two  C3^nders  of  glass  ground  and  polished  roside.  £  and  f 
are  the  two  valve^  diat  allow  Ae  cylinders  to  communicate  with 
the  receiver  o  dirough  two  ve^  short  canals  ab  and  en  (fi^.  d« 
idito  IV.)  and  the  cock  o.  Two  other  valves  that  open  mto 
die  atmosphere  are  within^die  covers  t  and  A,  as  may  be  seen  id 
fig.  1,  where  e  represents  one  of  them,  mk  is  the  receivei^ 
pfate  of  glass  ground  flat;  pq  a  barometer-gauge,  upon  tfie 
plan  of  the  first  Torricellian  tube,  as  the  easiest  to  cbnstruct 
and  Uie  most  infallible  in  its  effects.  It  wiU  be  found  to  be 
here  qidte  out  of  the  way,  secure  from  being  broken  by  accident 
and  the  mpst  iil  sight  hk  and  il  are  two  brass  pillars  dial 
ss^iport  the  whole,  rsvw  the  usual  rackwork,  having  a  double 
wmcb  Imj  which,  upon  trial,  will  be  found  preferable  to  a  single 

It  will  now  be  necessary  to  show  liow  diis  pump  acts,  in 
which  it  win  b^  sufficient  to  explain  the  action  of  one  cyfinder; 
because  the  other  is  in  all  parts  like  it.  e  is  a  conical  metallic 
vahre,  froa  whidi  a  canal  goes  through  the  cock  o  up  to  die . 
receiver,  as  is  seen  in  fig.  1  and  2,  where  all  the  parts  aire 
marked  with  die  same  letters,  et  b  a  ste.el  rod  going  through 
a  leadier  box  in  the  piston  u.  llie  top  of  this  rod  is  fixed  ta 
the  vahe  e,  and  its  bottom  part  slides  in  a  small  hole  widi  an 
aOowance  of  Ol  inch  up  and  downward,  consequendy  Ae  valHre 
B  can  move  no  further.  When  the  piston  descends,  it  first 
^^ens  the  valve  by  pushing  the  rod  to  the  bottom  of  the  hole. 
lebM  it  slides  down  along  the  rod  i^,  and  the  air  front  the 
imxiher  hte  dbw  ft«e  access  to  the  cylinder.  Whieii  the  pbton 
retmjns  it  lifts  die  Ufd  ET,  atid  thus  shuts  up  the  v^te.  Then 
the  piston  sKdes  again  along  the  rod  up  to  the  top  of  the  cylin- 
d^  condenmg  the  air  above  it,  which  mr,  by  thd  least  con* 
.  def^M^n^  opens  a  valve  e,  fig.  2,  and  escapes  freely  into  the 
atinospbcre.  This  last  valve  has  neither  spring  nor  additional 
iraghi  to  shut  it,  but  shuts  by  its  own  weight  (about  a  quarter 
of  an'ounce)  as  soon  the  piston  is  arrived  at  the  top  of  die  cy* 
fisAler; 

'  The  oyfinders  are  made  of  g^ass,  and  the  pistons  oftin^  so  well 
fitie^as  to  bi  air-tightpwithout  the  interposition  of  any  Ushers. 
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The  friction  of  these  two  bodies  is  small  beyond  expectation, 
a  safficient  proof  that  they  will  be  durable*  They  possess  ike 
further  advantage  of  being  capable  of  standing  for  even  six 
months,  after  which  time  they  will  serve  without  being  cleaned 
or  repaired,  because  they  are  not  liable  to  be  corroded  by  .the 
oil  which  diey  contain,  an  inconvenience  too  general  in  brass 
cylinders.  After  all,  if  the  present  pump  should  want  cleaning, 
it  is  an  easy  operation  to  take  off  the  top  piece  ^hy  by  unscrew- 
ing the  nuts  H  and  i,  when  this  piece,  with  all  the  apparatus 
upon  it,  will  come  off.  Then  each  cylinder  may  very  easily  be 
slid  off  from  the  piston,  wiped  out  and  replaced,  after  having 
greased  it  inside  with  a  little  of  the  cleanest  sweet  oil :  the  top 
IS  then  to  be  put  again  in  its  place,  and  the  two  nuts  h  and  i 
being  screwed  upon  it,  the  instrument  is  ready.  Neither  racks 
nor  pinion  need  to  be  taken  out  of  their  places,  the  cylinders 
standing  above  them. 

The  cock  is  constructed  so,  that,  beins  in  the  situation  re- 
presented in  tig.  1,  the  communication  is  open  between  the 
cylinders,  the  receiver,  and  die  barometer-gauge,  and,  by  a 
quarter  of  a  revolution,  the  cyUnders  are  excluded,  the  receiver 
and  gauge  being  still  left  in  communication.  A  little  stopper 
in  fig.  2,  ground  into  the  cock,  beii^  open,  air  is  admitted  to ' 
the  receiver,  if  required. 

The  receiver-plate  is  of  glass  ground  flat,  as  was  mentioned 
before :  this  will  be  found  preferable  to  brass,  because  cleaner, 
and  never  corroded  by  acids  or  water;  it  will  besides  oflea 
prove  very  conveqient  in  making  electrical  experiments  in  the 
vacuum. 

The  whole  instrument  is  fixed  upon  a  mahogany  table,  which 
serves  as  a  stand  for  it. 

Mr.  Mendelsohn  concludes  his  description  by  observing  that 
"  neither  the  employing  of  glass  cylinders  nor  the  method  of 
opening  the  valves  is  new ;  but,  for  aught  he  knows,  this  is  the. 
first  instrument  of  the  kind  ever  executed :  and  die  idea  of 
putting  the  valves  at  top,  and  thus  simplifying  the  instrument, 
seems  to  have  escaped  the  attention  of  the  eminent  artists,  both, 
here  and  abroad,  as,  to  my  best  knowledge,  it  has  never  been 
done  or  described  any  where.  The  metallic  pistons,  without 
leathering,  must  certainly  add  to  the  durability,  and  diminish 
the  great  labour  that  usually  attends  working  an  air-pump.*'* 
{Nichoison's  Journal,  New  Series,  No.  89.) 

Mr.  Vream,  who  was  Pr.  Desasuliers's  operator  for  philo- 
sophical machines,  made  such  an  alteration  in  Hawksbee^  air- 
pump,  as  produced  the  alternate  reciprocating  motion  of  the. 
piston^  without  turning  the  handle  to  and  fro :  while  the  handle 
turns  constantly  one  way  in  its  operation^  a  crank  by  meaqs  of 
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two  leading  pieces,  pves  the  wheel  that  moTes  the  racks  a 
motioi]  of  about  two-thirds  (or  more  when  required)  of  its 
circumference,  every  time  the  crank  goes  round.    The  advan- 
tages which  Mr.  Vream  thought  would  result  from  this  altera- 
tioDy  he  describes  in  the  following  words :  ''  I  hope  I  have 
improved  Mr.  Hawksbee's  pump  by  a  contrivance  wherebv  in 
turning  the  winch  quite  round  the  emboli,  or  pistons,  are  after- 
mitely  raised  and  depressed;  whereas  in  Mr.  Hawksbee's  way, 
the  moving  of  the  hand  backward  aud  forward  is  not  only  more 
troublesome,  but  shakes  the  pump ;  because  it  is  required  to 
press  the  barrel  hard  against  the  bottom  piece  under  the  bar- 
rels, to  discharge  the  water  from  the  valves  at  every  stroke* 
Besides  if  the  pump  should  at  any  time  happen  to  leak,  when  an 
exjperiment  should  be  made  in  haste ;  you  may  exhaust  no  fast 
this  way  as  to  make  your  experiment  without  being  at  the  trou- 
ble to  pull  the  pump  to  pieces,  in  order  to  make  it  tight,  except 
in  such  cases  as  require  the  recipient  to  be  perfectly  exhausted." 
Fig.  1 1 .  pi.  III.  will  shew  in  what  this  improvement  of  Mr. 
Vream's  consists.     The  axis  du  on  which  the  crank  Aab  and 
handle  bf  turn,  is  perpendicular  to  the  plane  of  the  wheel  we 
vhich  moves  the  racks  s,  T :  two  leaders  n,  n,  of  equal  length, 
are  hung  by  one  end  upon  the  crank  Aa,  and  by  the  other 
upon  the  two  ends  of  a  pin  i  which  passes  through  the  wheel  at 
a  suitable  distance  from  the  centre.     While  the  crank  is  rising 
the*  pin  i  is  raised  from  its  position  in  the  figure  ^o  some  higher 
point,  as  r,  thus  causing  the  wheel  to  turn  upon  its  centre  £, 
and  raise  the  rack  s,  whUe  it  depresses  the  rack  t  :  afterwards, 
while  the  crank  is  descending  through  the  other  half  of  its  revo- 
lution, the  pin  is  pushed  back  again  from  r  to  i,  the  wheel  £ 
turns  the  contrary  way,  the  rack  t  b  raised,  and  s  depressed. 
So  the  racks  are  alternately  raised  and  depressed  as  the  circular 
motion  of  the  handle  f  carries  round  the  crank  Aa.  The  radius 
ab  of  the  crank  must  be  rather  less  than  the  distance  £i  of  the 
pie  1  from  the  centre  of  the  wheel,  in  order  to  ensure  the  alter- , 
nate  motion  of  the  pistons :  and  the  more  extensive  die  motion 
of  these  is  required  to  be  with  respect  to  the  motion  of  the 
crank,  the  more  must  the  radius  of  the  wheel  ew  exceed  the 
distance  ei. 

Thb  contrivance,  however  ingenious,  has  been  seldom  applied 
to  air-pumps ;  probably  because  there  b  a  considerable  variation 
ofrequbite  moving  force  in  the  different  parts  of  the  revolution 
of  the  crank ;  a  variation  which  may  produce  jolts  in  the  motion. 
But  thb  inequality  of  force  upon  the  crank,  being  occasioned  by 
the  variable  obliqtjuty  in  the  position  of  the  leaders  N,  n,  may 
he  much  reduced  by  making  the  dbtances  ab,  ei,  as  small  i|s 
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can  be  coavenieoUy^  M'ith  respect  to  the  length  ai  of  (he 
leaders. 

ANEMOMETER.     See  art.  49.  of  the  introductory  part 
of  thb  volume. 

ATWOOD's  MACHINE,  the  name  which  is  now  commonly 
applied  to  the  ingenious  apparatus  invented  by  the  late  Mrv 
Atwood  of  Trinity  college,  Cambridge,  to  illustrate  die  doc- 
trines of  accelerated  motion.  Tbis'machine  has  been  found  tt> 
answer  the  purpose  far  mor^  completely  than  any  other;  sub- 
jecting to  experimental  examination,  the  quantity  of  matter 
moved,  the  measure  of  the  force  which  moves  it,  the  space  de- 
scribed from  quiescence,  the  time  of  description,  and  the  velo- 
city acquired.  The  theory  of  this  instrument  depends  upon  the 
principles  exhibited  in  art.  £67*  vol.  I.  But  we  shall  here  grve 
so  much  of  the  theory  and  description  as  seems  necessary  to  shew 
its  nature  and  use,  chiefly  in  the  words  of  the  ingenious  inveator. 
'  1.  Of  the  mass  moved. — In  order  to  observe  the  eflfects  of  the 
moving  force,  which  is  the  object  of  any  experiment,  the  inter- 
ference of  all  other  forces  should  be  prevented :  the  quanth^of 
matter  movedj  therefore,  considering  it  before  any  impeUmf 
force  has  been  appUed,  should  be  without  weight;  for  although 
it  be  impossible  to  abstract  the  natural  gravity  or  weight  from 
amy  substance  whatever,  yet  the  weight  may  be  so  coumeraeled 
49  to  be  (rfno  sensible  effect  in  experiments.  Thus  in  tbein^' 
struqient  constructed  to  illustrate  this  subject  experimentally, 
A,  B,  fig.  1.  pK  V.  represent  two  equal  weights  affixed  to  tMi 
ctfitremities  of  a  very  fine  and  flexible  silk  line:  this  line  is 
stretched  over  a  wheel  or  fixed  puUey  abcd^  moveable  round  a» 
horizontal  axis:  the  two  weights  a,  b,  being  precisely  equal 
and  acting  against  each  other,  remain  in  equiubrio ;  and  when 
the  least  weight  is  superadded  to  either  (setting  aside  tbeefiects 
of  friction),  it  will  preponderate.  When  ab  are  set  in^  motion 
by  the  action  of  any  weight  971,  the  sum  A  4- V'f  fn  ^ould  coosti* 
tttte  the  wh(^  mass  moved,  but  for  the  inertia  of  me  materials 
which  must  necessarily  be  used  in  the  conununicatioii  o£  mi>^ 
^on :  these  materials  consist  of,  !•  Hie  wheel  ^r&rif,  overwftidi 
the  Ime  sustaining  A  tiidB  passes^  2.-The  four  fric6oiK 
wheels,  on  which  the  axle  of  the  wheel  abed  rests :  the  use  of 
ikese  wheels  is  to  prevent  the  loss  of  motion^  which  would^  be 
Occasioned  by  the  friction  of  the  axle  if  it  revolved  on  an  im« 
moveable  surface.  3.  The  line  by  which  the  bodies  a  apd  B 
ate  connected,  so  as  when. set  in  motion  to  move  witheoiial 
velocities.  Th6  weight  and  inertia  of  the  line  are  top  smaU  t6 
have  sensible  effect  on  the  experiments';  but  the  inertia  of  the 
oAer  materials  just  mentioned  constitute  a  considerable  pfopo^ 
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lk»i  of  tbe  mass  snored,  and  must  be  taken  into  account  Since 
when  A  ^nd  b  are  put  in  motion,  they  must  necessarily  move 
with  a  velocity  equal  to  that  of  the  circMm^erence  of  the  wheel 
abcdy  to  which  the  line  is  applied ;  it  follows^  that  if  tbe  whole 
toass  of  the  wheels  were  accumulated  in  this  circumference^ 
Its  inertia  would  be  truly  estimated  by  the  quantity  of  matter 
moved :  but  since  the  parts  pf  the  wheels  move  with  different 
V<^ocities,  their  effects  in  resisting  the  communication  of  mo- 
tion to  A  and  B  by  their  inertia  will  be  different ;  those  parts 
which  are  furthest  from  the  a^is  resisting  more  than  those  which 
revolve  nearer  in  a  duplicate  proportion  of  those  distances.  If 
the  figures  of  the  ;i(rheels  were  regular,  from  knowing  dieir 
weights  and  figures,  the  distances  of  their  centres  of  gyration 
from  their  axes  of  motion  would  become  known,  and  conse- 
quently an  equivulent  weight,  which  being  accumulated  oni* 
formly  in  tl»e  circumference  abcdj  would  exert  an  inertia  equal 
to  that  of  the  wheels  in  their  constructed  form.  But  as  the 
figures  are  wholly  irregular,  recourse  must  be  had  to  experi- 
ment, to  assiifu  that  equivalent  quantity  of  matter,  which  beins 
accumulated  uniformly  in  the  circumference  of  the  wheel  abcd^ 
i^ould  resist  the  communication  of  motion  to  a  in  the  same 
manner  as  the  wheels. 

In  order  to  ascertain  the  inertia  of  the  wheel  abed  with  that 
of  the  friction*  wheels,  the  weights  ab  being  removed,  the  foU 
lowing  experiment  was  made.  A  weight  of  thirty  grains  was 
iiffixed  to  a  silk  line  (the  weight  of  which  was  not  so  much  as 
ith  of  a  grain,  and  consequently  too  inconsiderable  to  have  8ett«« 
sible  effect  in  the  experiment);  this  line  being  M'ound  about 
the  wheel  abcd^  the  weight  30  grains  by  descending  from  rest 
communicated  motion  to"  the  wheel,  and  by  many  trials  was 
observed  to  descril^e  a  space  of  about  SSj-  inches  in  3  seconds^ 
From  these  data  the  equivalent  mass  or  inertia  of  the  wheels 
trill  be  known  from  this  rule : 

Let  a  weight  p  (fig.  2.)  be  applied  to  communicate  modoo 
to  a  system  of  bodies  by  means  of  a  very  slender  and  flexible 
line  going  round  the  wheel  sldim,  through  the  centre  of  which 
the  axis  passes  (g  being  the  common  centre  of  gravity,  b  the 
centre  of  gravi^  of  the  matter  contained  in  this  line,  and  o  the 
tentre  of  oscillation).  Let  this  weight  descend  from  rest 
through  any  convenient  space  s  inches,  and  let  the  observed 
time  of  its  descent  be  t  seconds ;  then  if  /  be  the  space  through 
which  bodies  descend  fireely  by  gravity  in  one  second,  the  equi« 

valent  weight  sought  =  y^*^*|^'**  •-  _JL p^  g^  art. 314. 

wiLI. 
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Here  we  have  p  =  SO  grains,  ^  =  3  seconds,  l:^  193  inches, 

•  rt  ,.•     t.  J  Px<»i  30x9x193        ^_        ,_^^ 

s srS8'5 inches;  and —^ p= — ^ 30=1323grains 

or  2  f  ounces. 

This  is  the  inertia  equivalent  to  that  of  the  wheel  abed,  and 
the  friction-wheels  together :  for  the  rule  extends  to  the  estima- 
tion of  the  inertia  of  the  mass  contained  in  all  the  wheels. 

The  resistance  to  motion  therefore  arising  from  the  wheels' 
inertia,  will  be  the  same  as  if  they  were  absolutely  removed,  and 
a  mass  of  2^  ounces  were  uniformly  accumulated  in  the  cir- 
cumference of  the  wheel  abed.  This  being  premised,  let  the 
boxes  A  and  b,  fig.  1.  be  replaced,  being  suspended  by  the  silk 
line  over  the  wheel  or  pulley  abcd^  and  balancing  each  other : 
suppose  that  any  weight  m  be  added  to  A  so  that  it  shall  descend, 
the  exact  quantity  of  matter  moved,  during  the  descent  of  the 
weight  A,  will  be  ascertained,  for  the  whole  mass  will  be  a  -j-  b 
+m+2^  oz. 

In  order  to  avoid  troublesome  computations  in  adjusting  the 
quantities  of  matter  moved  and  the  moving  forces,  some  deterr 
'  minate  weight  of  convenient  magnitude  may  be  assumed  as 
a  standard,  to  which  all  the  others  are  referred.  This  standard 
weight  in  the  subsequent  experiments  is  |  of  an  ounce,  and  is 
represented  by  the  letter  m.  The  inertia  of  the  wheels  being 
therefore  =  2^  ounces,  will  be  denoted  by  1  im.  a  and  b 
are  two  boxes  constructed  so  as  to  contain  different  quantities 
of  matter,  according  as  the  experiment  may  require  them  to  be 
varied :  the  weight  of  each  box,  including  the  hook  to  which  it 
is  suspended,  =  1 J  oz.  or  according  to  the  preceding  estimation, 
the  weight  of  each  box  will  be  denoted  by  6m ;  these  boxes 
contain  such  weights  as  are  represented  by  fig.  3.  each  of  which 
weighs  an  ounce,  so  as  to  be  equivalent  to  4m;  other  weights  of 
|oz.  =  2m,  ^=  m,  and  aliquot  parts  of  m,  such  as  i-,  im,  may  be 
also  included  in  the  boxes,  according  to  the  conditions  of  the 
different  experiments  hereafter  described. 

If  4tOz.  or  19m,  be  included  in  either  box,  this,  with  the 
weight  of  the  box  itself,  will  be  25m;  so  that  when  tlie  weights  * 
A  and  B,  each  being  25m,  are  balanced  in  the  manner  above 
represented,  their  whole  mass  will  be  50m,  which  being  added 
to  the  inertia  of  the  wheels  1  im,  the  sum  will  be  6 Im.  More- 
over, three  circular  weights,  such  as  that  which  is  represented 
at  fig.  4.  are  constructed;  each  of  which  ir  ^oz.  or  m:  if  one 
of  these  be  added  to  a  and  one  to  b,  the  whole  mass  will  now 
b^ome  63m,  perfectly  iu  equilibrio,  and  moveable  by  the  least 
weight  added  to  either  (setting  aside  tfie  effects  of  friction),  in 
the  saipe  manner  precisely  as  if  the  sj^me  weight  or  force  were 
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applied  to  communicate  motion  to  the  mass  63fn,  existiiig  in 
free  space  and  without  gravity. 

2.  The  moving  force.  Since  the  natural  weight  or  gravity  of 
any  given  substance  is  constant,  and  the  exact  quantity  of  it 
easily  estimated,  it  will  be  convenient  here  to  apply  a  weight  to 
the  mass  a  as  a  moving  force :  thus,  when  the  system  consists 
of  a  mass  ==  GSfn,  according  to  the  preceding  descripcioUy  the 
whole  being  perfectly  balanced,  let  a  weight  t  oz.  or  m^  such  as 
is  represented  in  fig.  5.  be  applied  on  the  mass  a  ;  this  will 
communicate  motion  to  the  whole  system :  by  adding  a  quantity 
of  matter  m  to  the  former  mass  63i72,  the  whole  quantity  of 
matter  moved  will  now  become  6^m ;  and  the  moving  force 
being  =  m,  this  will  give  the  force  which  accelerates  the  descent 

of  A  ==  ^-j  or  ^  part  of  the  accelerating  force  by  which  the 

bodies  descend  freely  towards  the  earth's  surface. 

By  the  preceding  construction,  the  moving  force  may  be 
altered  without  altering  the  mass  moved :  for  suppose  the  diree 
weights  m,  two  of  which  are  placed  on  a,  and  one  on  b,  to  be 
i-emoved,  then  will  A  balance  b.  If  the  weights  39n  be  all 
placed  on  a,  the  moving  force  will  now  become  Sm,  and  the 
mass  moved  64m  as  .before,  and  the  force  which  accelerates  the 

dm 

descent  of  a  =  r^  =  rj  parts  of  the  force  by  which  gravity 

accelerates  bodies  in  their  free  descent  to  the  surface. 

Suppose  it  were  required  to  make  the  moving  force  2f7i,  the 
mass  moved  continuing  the  same.  In  order  to  effect  this,  let 
the  three  we^hts,  each  of  which  =  m,  be  removed ;  a  and 
B  will  balance  each  other;  and  the  whole  mass  will  be  6lm: 
let  itn,  fig.  5.  be  added  to  a,  and  \m  to  b,  the  equilibrium  will 
still  be  preserved,  and  the  mass  moved  will  be  62m ;  now  let 
2m  be  added  to  a,  the  moving  force  will  be  2m,  and  the  mass 
moved  64m,  as  before;  wherefore  the  force  of  acceleration 
n  -^  part  of  the  acceleration  of  ^avity.  These  alterations  in 
the  moving  force  may  be  made  with  great  ease  and  convenience 
in  the  more  obvious  and  elementary  experiments,  there  being  no 
necessity  for  altering  the  contents  of  the  boxes  a  and  b  :  but 
the  proportion  and  absolute  quantities  of  the  moving  force  and 
mass  moved  may  be  of  any  assigned  magnitude,  according  to  the 
conditions  of  the  proposition  to  be  illustrated. 

3.  Of  the  space  described.  The  body  a,  fig.  1  •  descends  in  a 
vertical  line;  and  a  scale  about  64  inches  in  length  graduated 
into  inches  and  tenths  of  an  inch  is  adjusted  vertically,  and  so 
placed  that  the  descending  weight  a  may  fall  in  the  middle  of  a 
square  stage,  fixed  to  receive  it  at  the  end  of  the  descent:  the 
beginning  of  the  descent  is  estipated  from  0  on  the  scale,  when 
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the  bottom  of  die  box  A  is  on  a  level  with  O.  The  descent  of 
A  is  terminated  when  the  bottom  of  the  box  strikes  the  stage, 
which  may  be  fixed  at  different  distances  from  the  pomt  O4  so 
that  by  altering  the  position  of  the  stage,  the  space  described 
from  quiescence  may  be  of  any  given  magnitucle  less  than  64 
inches. 

4.  The  time  •/ motion  is  observed  by  the  beats  of  a  pendalnm, 
which  vibrates  seconds ;  and  die  experiments,  intended  to  illus- 
trate the  elementary  propositions,  may  be  easily  so  constmcted 
that  the  tim^  of  motion  shall  be  a  whole  number  of  seconds :  the 
estimation  of  the  time,  therefore,  admits  of  eonsidenble  exact- 
ness, provided  the  observer  takes  care  to  let  the  bottom  of  the 

box  A  begin  its  descent  precisely  at  any  beat  of  the  pendulum ; 
then  the  coincidence  of  the  stroke  of  the  box  against  the  stage, 
and  the  beat  of  the  pendulum  at  the  end  of  the  time  of  motion, 
will  shew  how  nearly  the  experiment  and  the  theory  agree  to- 
gether. There  might  be  various  mechanical  devices  thought  of 
for  letting  the  wei^t  A  begin  its  descent  at  die  instant  of  a  beat 
of  die  pendulum  w :  let  the  bottom  of  the  box  a,  when  at  0 
on  the  scale,  rest  on  a  flat  rod,  held  in  die  hand  horiaontally>  it^ 
extremis  being  coincident  with  0,  by  attending  to  the  beats  of 
the  pendulum ;  and  with  a  litde  practice  the  rod  which  supports 
the  box  A  may  be  removed  at  the  dioment  the  pendulum  heats, 
so  that  the  descent  of  a  shall  commence  at  the  same  instant. 

5.  Of  the  velocity  acquired*  It  remains  •nly  to  describe  ia 
what  manner  the  velocity  acquired  by  die  descending. weight 
A,  at  any  given  pomt  of  the  space  through  which  it  has  de* 
scended,  is  made  evident  to  the  senses.  Tlie  velocity  of  a's 
descent  being  continually  accelerated,  will  be  the  same  in  no 
two  points  of  the  space  described.  This  is  occasioned  by  the 
constant  action  of  the  moving  force;  and  since  the  velocity  of 
A  at  any  instant  is  measured  by  the  space  which  would  be  de- 
scribed by  it,  movine  uniformly  for  a  given  time  with  the  ve- 
locity it  luid  acquired  at  that  instant,  this  measure  cannot  be  ex- 
perimentally obtained,  except  by  removing  the  force  by  which 
the  descending  body's  accderation  was  caused. 

In  order  to  shew  in  what  manner  this  is  affected  practically, 
let  us  again  suppose  the  boxes  a  and  b  ae  25m  each,  so  as  to- 
gether to  be  =s  50/11;  this,  with  the  wheel's  inertia  11m,  will 
make  61m ;  now  let  m,  fig.  S.  be  added  to  a,  and  an  equal 
weight  m  to  fi,  these  bodies  will  balance  each  other,  and  the 
whole  mass  will  be  6Sm«  If  a  weight  mbe  added  to  a,  notion 
%¥ill  be  communicated,  the  moving  force  being  191,  and  the  mass 
moved  64m.  In  estimating  the  movii^  force,  the  circular  weight 
z=m  was  made  use  of  as  a  m^^ving  force  :  bat  for  tbepi^^ent 
purpose  of  shewing  the  velocity  acquired^  it  will  be  conveaieiit 
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%6 itje aflat rodytbe  weight  of  whidh  is  tbo  =:  m.  Let  die  bottom 
of  die  ho%  A  be  placed  on  a  level  with  0  on  the  scale,  the  whole 
wnn  beng  as  oeacribed  above  s  GStn,  perfectly  balanced  m 
tqinlibm.  Now  let  the  roc),  the  weight  of  which  :=  ii^  be 
juaeed  oa  the  upper  snr&ce  oif  a;  this  body  will  descend  along 
the  scale  precisely  in  the  same  manner  as  when  the  moving 
fonst  was  applied  in  the  form  of  a  circular  vireight.  Suppose 
the  mass  a,  tig.  6,  to  have  descended  by  constant  acceleratioa 
of  force  of  HI,  for  any  given  time,  or  through  a  given  q>acc : 
let  a  circular  frame  be  so  affixed  to  the  scale,  contiguous  to 
vrUoh  the  weight  descends,  that  a  may  pass  centrally  through 
h,  and  that  this  circular  frame  may  intercept  the  rod  m,  by 
yibick  the  body  a  has  been  accekrated  from  qui^cence.  Afttt 
die  moving  force  m  has  been  intercepted  at  the  end  of  the  given 
mace  or  time,  there  will  be  no  force  operating  on  any  part  of 
the  system  which  can  accderate  or  retard  its  modon :  this  being 
die  case,  the  we^ht  A,  the  ii»tant  after  m  has  been  removed, 
■rast  proceed  untformly  with  the  velocity  which  it  had  acquued 
that  instant :  in  the  subsequent  part  of  its  descent,  the  velocity, 
bemg  uniform,  will  be  measured  by  die  space  described  in  any 
convenient  number  of  seconds. 

Other  uwes  of  the  instrument  it  is  needless  to  describe  parti- 
cularly, but  it  may  not  be  imfuroper  to  mention  some  of  them  ; 
such  as  the  experimental  estimation  of  the  velocities  communis 
cated  by  die  impact  of  bodies  dastic  and  non-elasUc ;  the  quantity 
of  reristance  opposed  by  fluids,  as  well  as  for  various  other  pur- 
poses. These  uses  we  shall  not  insist  on ;  but  the  properties  of 
rethrded  motion  being  a  part  of  the  present  subject,  it  mi^  be 
ttecessaiy  to  shew  in  whi^t  manner  the  motion  of  bodies  resist^ 
by  constant  forces  are  reduced  to  experiment  by  means  of  the 
iitttrmnent  above  described,  with  as  great  ease  and  precision  as 
she  properties  of  bodies  uniformly  accelerated.  A  single  in- 
stance will  be  Bufiicient :  Thus,  suppose  the  mass  contained  in 
die  weights  a  and  b,  %•  6,  and  the  wheels  to  be  61m,  when 
perfect^  in  eqmltbrio ;  let  a  circular  weight  m  be  applied  to  h, 
pmd  let  two  long  weights  or  rods,  each  am,  he  applied  to  a, 
thav  wiU  A  descend  by  the  ncdon  of  the  moving  force  m,  tlie 
mam  moved  bemg  6*^mi  suppose*  that  when  it  has  described 
any  given  space  by  constant  acceleration,  the  two  rods  m  are 
intercepted  by  the  circular  frame  above  described,  while  a  is 
descending  through  it,  the  velocity  ac<|uired  by  that  descent  is 
%iiown;  and  wlien  the  two  rods  are  intercepted,  the  weight 
A  wiU-  begin  to  move  on  with  the  velocity  acuuired,  being  now 
letarded  by  \he  constant  force  m ;  and  since  the  mass  moved  is 
6t6m,  it  follows  that  the  force  of  retardation  will  be  rV  part  of 
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that  force  whereby  gravity  retards  bodies  thrown  perpendicahu^ 
upwards.  The  weight  a  will  therefore  proceed  along  die  gradu-» 
ated  scale  in  its  descent  with  an  nnifonnly  retarded  motion^aBd 
the  space  described,  times  of  motion,  and  velocities  destroyed 
by  the  resisting  force,  will  be  subject  to  the  same  measures  as  in 
the  examples  of  accelerated  motion  above  described. 

In  the  foregoing  descriptions,  two  suppositions  have  been 
assumed,  neither  of  which  is  mathematicaUy  true :  i)ut  it  may 
be  easily  shewn  that  they  are  so  in  a  physical  sense :  the  errors 
occasioned  by  them  in  practice  being  insen^ble. 

1.  The  force  which  communicates  motion  to  the  system  has 
been  assumed  constant ;  which  will  be  true  only  on  a  suppositton 
that  the  line,  at  the  extremities  of  which  the  weights  a  and  b, 
fig.  1.  are  affixed,  is  without  weight*  In  order  to  mdce  it 
evident  that  the  line's  weight  and  inertia  are  of  no  sensible 
effect,  let  a  case  be  referred  to,  wherein  the  body  a  descends 
through  48  inches  from  rest  by  the  action  of  the  moving  force 
971,  when  the  mass  moved  b  €4m ;  the  time  wherein  a  describes  ' 
48anches  is  increased  by  the  effects  of  the  line's  weight  by  no 
more  than  -rrryoth  parts  of  a  second ;  the  time  of  descent  being 
3*9896  seconds,  when  the  string's  weight  is  not  considered,  and 
the  time  wheii  the  string's  weight  is  taken  into  account  =  4*0208 
seconds ;  the  difference  between  which  is  vriioUy  insensible  by 
observation. 

2.  The  bodies  have  also  been  supposed  to  move  in  vacuo, 
whereas  the  air's  resistance  wrill  have  some  effect  in  retarding 
their  motion:  but  as  the  greatest  velocity  communicated  in 
these  experiments  cannot  much  exceed  that  of  about  26  indies 
in  a  second  (suppose  the  limit  26*2845),  and  the  cylindrical 
boxes  being  about  1  j-  inches  in  diameter,  die  air's  resistance  can 
never  increase  the  time  of  descent  in  so  great  proportion  as  dut 
of  240 :  241 ;  its  effectstherefore  will  be  insensible  m  experiment. 

The  effects  of  friction  are  almost  wholly  remov^  by  the 
friction* wheels ;  for  when  the  surfaces  are  well  polished  and 
free  from  dust.  Sec.  if  the  weights  A  and  b  be  balanced  in  per«- 
feet  equilibriof  and  the  whole  mass  consists  of  6Sm,  according 
to  the  example  already  described,  a  weight  of  IJ  grain,  or  at 
most  2  grains,  being  added  either  to  a  or  b,  vrill  communicate 
motion  to  the  whole ;  which  shews  that  the  effects  of  friction 
will  not  be  so  great  as  a  weight  of  14  or  2  grains*  In  some 
cases,  however,  especially  in  experiments  relating  to  retarded 
motion,  the  effects  of  friction  become  sensible ;  but  may  be  \ary 
readily  and  exactly  removed  by  adding  a  smidl  wmght  of  1*5  or  8 
grains  to  the  descending  body,  taking  care  that  the  weight  added 
is  such  as  is  in  the  least  degree  smaller  than  that  which  is  just 
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fliiffieietit  to  §tt  the  whole  in  motion^  when  A  and  d  are  enuaL 
and  balance  each  other  before  the  moving  force  is  applie(L 
(  Jfiwood  on  Motion,  p.  S 1 6.) 

BALANCE,  as  distinguished  from  the  Steelyard,  is  a  lever 
with  equal  amitf,  whose  fulcrum  or  centre  of  motion  is  situated 
immediately  above  the  centre  of  gravity  of  the  beam,  when  hori- 
zontal :  it  is  used  chiefly  in  determining  the  equality^or  differ- 
ence in  the  weights  of  different  bodies. 

Some  remarks  on  the  nature  of  the  balance  were  made  when 
We  treated  of  the  lever  in  the  first  volume ;  where  also  we 
shewed  how  to  correct  the  deception  occasioned  by  a  false 
Imlaiice :  in  addition  to  what  was  there  stated,  we  shall  now 
pte^ent  a  few  such  observations  as  may  be  most  serviceable  ia 
directing  the  accmrate  construction  of  this  instrument. 

1.  The  axis  of  motion  of  the  balance  should  be  above  the 
centre  of  gravity  of  the  beam. 

2.  A  slender  index,  or  tongi^e  (as  it  is  called),  passes  througb 
the  ccntrcte  of  gravity  and  motion  of  the  beam,  perpendicular 
td  its  axis :  by  this  index  the  hori2ontal  position  of  the  beam^ 
Wben  loaded,  in  the  comparison  of  weights,  is  determined. 

*  d.  When  the  balance  unloaded  is  quiescent,  and  therefore 
horizontal,  if  the  index  which  passes  through  the  fulcrum  be 
directed  to  any  fixed  point ;  and  again  when  the  balance  is  re* 
tersed,  it  be  directed  to  the  same  meed  point;  it  is  in  the  right 
fine  which  joins  tfie  centre  of  gravity  and  the  fulcrum. 
By  this  means  die  position  of  the  index  is  adjusted. 

4.  The  perpendicular  distances  of  the  points  of  application  of 
tte  weights  to  be  compared,  from  the  right  line  which  joins  the 
centres-  of  gravity  and  of  motion,  should  be  equal,  that  is,  the 
fltnns  of  the  balance  ought  to  be  equal. 

5.  The  points  of  appiicatioti  from  which  the  weights  are  sus- 
pended, should  be  in  the  same  right  line  perpendicular  to  the 
lioe  joining  the  centres  of  gravity  and  of  motion. 

6.  The  nearer  the  right  une  joining  the  points  of  application 
is  to  the  centre  of  motion,  the  larger  vibrations  of  the  balance, 
and  a  more  sensible  effect,  will  be  produced. 

7.  If  the  centre  of  motion  be  situated  below  the  Ime  joining 
die  points  of  application^  the  beam,  when  loaded  with  equal 
weights,  will  overset,  rest  in  any  position,  or  equilibrate  accord- 
ing to  the  weight. 

8.  When  two  given  weights,  suspended  from  the  arms  of  a 
balance,  are  in  equilibrio,  if  these  weights  when  transferred  to 
die  opposite  scales  be  still  in  equilibrio,  the  arms  of  the  balance 
are  equal. 

9.  The  various  adjustments  of  the  balance  are  these :  I  st. 
Equal  weight?  are  readily  found,  vriiatever  be  the  state  of  the 
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balance;  for,  if  they  reduce  the  beam  to  the  same  positiDifr 
when  successively  applied  to  the  same  arm,  they  must  be  equal : 
then  if  these  equal  weights  transposed  do  not  disturb  the  position 
of  the  beam,  the  arms  are  equal.  2dly.  If  unequal  we^ts 
transposed  produce  equal  deflections  of  the  beam,  the  points  of 
suspension  are  in  the  same  right  lines,  perpendicular  to  that 
which  joins  the  centre  of  gravity  and  motion ;  and  dierefore 
the  line  joining  these  points  will  be  horizontal  when  the  beam 
hangs  freely.  Sdly.  Let  the  index  be  directed  to  any  fixed  pcunt^ 
then  the  beam  being  reversed,  if  it  still  pass  through  the  same 
point,  the  index  b  perpendicular  to  the  axis  of  the  beam* 

10.  The  equilibrium  of  the  balance  will  be  effected  by  di« 
tongue,  unless  it  be  continued  below  the  centre  of  motioii,  so 
that  the  momenta  on  both  sides  may  be  equal  and  opposite. 

1 1 .  Minute  differences  of  weight  are  rendered  more  di»* 
Cernible  by  diminishing  the  friction  upon  the  axis,  as  by  6USi> 
pending  it  in  a  fork  witk  springs,  &c. 

Indeed  when  balances  are  required  for  accurate  philosophical 
purposes,  much  caution  is  requisite  in  the  various  parts  of  the 
construction,  and  many  peculiar  contrivances  have  been  adopt- 
ed :  ^ome  of  the  best  of  diese  are  given  in  the  following  article. 

Hydrostatic  Balance,  is  an  instrument  contrived  to  deter* 
mine  accurately  the  specific  gravity  of  both  solid  and  fluid  bodies. 
One  of  the  most  ingenious  forms  of  this  balance  is  exhibited  in 
fig.  5.  pi.  VI.  where  vco  b  the  stand  or  pillar,  which  b  to  be 
fixed  in  a  table.  From  the  top  a  hangs  by  two  silk  strings  the 
horizontal  bar  bb,  from  which  is  suspended  by  a  ring  t  the 
fine  beam  of  a  balance  b :  which  b  prevented  from  descending 
too  low  on  either  side  by  tlie  gently  springing  piece  txyz,  fixed 
on  the  support  m.  The  harness  b  annulated  at  o,  to  shew  dis- 
tinctly the  perpendicular  position  of  the  examen,  by  the  small 
pointed  index  fixed  above  it. 

•  The  strings  by  which  the  balance  b  suspended,  passing  over 
two  pullevdy  one  on  each  side  the  piece  at  a,  go  down  to  the 
bottom  on  the  other  side,  and  are  hung  over  the  hook  at  v ;  which 
hook,  by  means  of  a  screw  p,  b  moveable  to  about  the  dbtance 
of  an  inch  and  a  quarter  backward  and  forward,  and  therefore 
the  balance  may  be  raised  or  depressed  so  much.  But  if  a 
greater  elevation  or  depression  be  required,  the  sliding  piece 
which  carries  the  screw  p,  b  readily  removed  to  any  part  of  the 
square  brass  rod  vk,  and  fixed  by  means  of  a  screw. 

The  motion  of  the  balance  being  thus  adjusted,  the  rest  of 
the  apparatus  is  as  follows :  hh  b  a  small  board  fixed  upon  the 
piece  D,  under  the  scales  d  and  f,  and  is  moveable  up  and  down 
in  a  low  slit  in  the  pillar  above  c,  and  fastened  at  any  part  by  a 
screw  behind.    From  the  point  in  the  middle  of  the  bottom  of 
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tedi  soile  bangs,  by  a  fine  hook^  a  brass  wire  ad^  and  ac :  these 
pass  tfarongh  holes  m,  m,  in  the  table.  To  the  wire  ad  i». 
iuspended  a  curious  cylindric  wire  rs,  perforated  at  each  end 
for  that  purpose :  this  wire  rs  is  covered  with  paper  graduated 
by  equal  divisions^  and  is  about  five  inches  long. 

In  the  comer  of  the  board  at  e  is  fixed  a  brass  tube^  on  which 
a  round  wire  hi  is  so  adapted  as  to  move  neither  too  tight  nor 
too  freely,  by  its  flat  head  i.  Upon  the  lower  part  of  this 
movas  another  tube  9,  which  has  sufficient  friction  to  make  it 
remain  in- any  position  required:  to  this  is  fixed  an  index  t, 
» moving  horizontally  when  the  wire  hi  la  turned  about,  and 
may  therefore  be  easily  set  to  the  graduated  wire  rs.  From  the 
lower  end  of  the  wire  rs  hangs  a  weight  L ;  and  from  that  a 
wirepn,  with  a  small  brass  ball  g  about  one-fourth  of  an  inch 
diameter.  Oti  the  other  side  from  the  wire  ac,  hangs  a  large 
^lass  bubble  B,  by  a  liorse^air. 

Now,  let  us  suppose  the  weight  l  taken  away,  and  the  wire 
pn  suspended  from  5;  and  on  the  other  side  let  the  bubble  e 
be  taken  away,  and  a  weight,  as  p,  suspended  at  c  in  its  rooni. 
This  vireight  F  we  suppose  to  be  sufficient  to  keep  the  several 
parts  faangmg  fit>m  the  oth^  scale  in  equilibrio;  at  the  same 
time  that  the  middle  point  of  the  wire  pn  is  at  the  surface  of 
die  water  in  the  vessel  o.  The  wire  tm  is  to  be  of  such  a  size 
that  the  length  of  one  inch  shall  weigh  four  grains. 

Now  it  is  evident,  since  brass  is  about  eight  times  heavier 
than  water,  that  for  every  inch  the  wire  sinks  in  the  water;  it 
will  become  half  a  grain  lighter ;  and  half  a  grain  heavier  for 
every  inch  it  rises  out  of  thevrater:  conseque^ltly,  by  sinking 
two  inches  below  the  middle  point,  or  rising  two  inches  above 
it,  the  wire  will  become  in  efiect  one  grain  lighter  or  heavier. 
If,  therefore,  when  the  middle  point  is  at  the  surface  of  the 
water  in  equilibrio,  the  index  t  be  set  to  the  middle  point  of 
the  graduated  wire  rs,  and  the  distance  of  r  and  of  s  from  the 
index  be  each  reckoned  to  contain  100  equal  parts;  then,  if  in 
weighing  bodies  the  weight  is  required  to  the  hundredth  part  of 
a. grain,  it  may  be  easily  obtained  by  proceeding  thus : — Jlet  the 
Imly  to  be  weighed  be  placed  in  the  scale  e;  and  let  this  be  so 
determiued  that  one  grain  more  shall  be  too  much,  and  one 
grain  less  too  little.  Then  the  balance  being  moved  gently  up 
or  down  by  the  screw  p  till  the  equilibrium  be  nicely  shewn  at 
o,  if  the  index  T  foe  at  the  middle  pomt  of  the  wire  rs,  it  shews 
that  the  weights  put  into  the  scale  e  are  just  equal  to  the  weight 
of  the  body. 

But  if  \he  index  t  stand  nearer  to  r  than  to^,  as  suppose  36 
of  the  100  parts,  it  shews  the  number  of  grains  in  the  scale  r 
were  less  than  e^ual  to  the  weight  of  the  b^dy  in  scale  d,  by  36 
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kaaAredthi  of  a  ^in :  and  i^  on  ifae  odier  htod,  the  iodex  bed 
flood  at  the  dirision  36  below  the  niddle  point  of  rx,  then  ivodid 
tfie  grains  in  Ae  scale  e  indicate  more  than  the  real  weight  in<i 
by  86  hnndredths  of  a  grain. 

Instead  of  putting  the  body  in  the  scale  d  as  before,  let  it  be 
appended  with  the  weight  f  at  the  hook  c  by  a  horae-hair,  as  at 
m,  supposing  the  Tesselof  water  were  away ;  then  observe  the 
equilibrium^  and  as  it  hangs,  let  it  be  immersed  in  the  water  of  the 
▼essel  Q,  anid  it  will  become  much  lighter;  the  number  of  graina 
and  parts  of  grams,  deteimined  as  before,  required  to  restove 
the  equiKbrium,  frill  shew  ike  weq;ht  p£  water  equal  in  b«lk  to 
the  body  imneraed. 

b  practice,  the  wire  pn  AoM  be  oiled,  and  then  wiped  ea 
deaki  as  possible;  eaouffh  will  remain  to  prerent  die  wader 
adhering  to  it.  The  baktBce  ought  to  be  raised  very  ^endy, 
and  when  brought  to  an  equilibrimii  should  be  gently  agitated^ 
to  see  whether  it  will  reteni  to  die  eqtnlibrium  again. 

For  the  description  of  M.  Paul's  accurate  steelyard  to  answer 
the  same  purposea,  aee  the  article  aivsLYAm^. 

Mr  Prony,  of  whom  we  often  have  had  occanen  to  speak, 
.  has  invented  a  stend  or  support  for  balanoes  of  all  dimeasioasi 
which  it  calculated  to  render  the  operations  for  which  theee 
instramevts  are  Used  more  expeditious  and  convenient,  without 
diminbhing  their  aocNracy.  His  account  b  published  in  the 
Annals  de  Chimie,  xxxvi.  50. 

'^  Several  experiments,"  says  he,  ^  in  which  I  was  engaged 
during  the  course  of  Ae  hat  wialar,  put  me  noder  dw  necessity 
*of  contrivii\g  a  support  which  mighft  be  applied  promiscuously 
to  every  kind  of  baiaoce,  whether  provided  with  a  suspendiag 
handle  or  not,  and  whi<^  without  detriment  to  its  accuracy, 
should  afford  me  coaunodious  means  of  successively  raising  and 
lowering  it.  It  is  well  known  how  embarrassing  and  laborious 
the  opei  ation  of  weighing  is,  when  performed  with  baknces 
aupported  by  the  hand;  &>u|;h  this  is  often  only  die  smallest 
inconvenience  irtth  which  their  use  is  attended. 

^'  Various  artists  have  contrived  supports,  commodious  in 
their  use,  and  iugenioos  in  their  prbciple;  but  ae  eadi  of  these 
eupports  can  ouVj  be  adapted  to  a  single  balaace,  they  become 
eo  expensive  as  to  be  out  of  the  reach  of  the  majority  ef  artiste 
and  experinientalisto.  I  diink,  therefore,  I  shaU  do  them  an 
acceptable  service  by  publidiing,  in  complutnce  with  the  request 
of  several  eminent  chemists,  the  descripdon  of  a  support^ 
which,  besides  the  advantage  of  being  adapted  for  all  kinds  of 
l^ahnces,  possesses  that  of  being  oooslnicted,  at  e  sauU  ex- 
pense,  either  in  wood  or  metaL 

'^  A  triangular '£^t  of  brass  MB^a^a  (figs.  1.  and  2.  pi.  VL 
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MfMcacirting  the  •kvatioo  and  s«clk>ii  of  my  apparattu X  has  its 
three  extrcniities  a,  a,  n,  firmly  screwed  down  upon  a  tabk  09 
iKNrizontal  plane.  Into  the  part  a  of  this  foot  is  screwed  • 
'4:yliiidrical  rod  AB^  which  may  be  of  any  arbitrary  length :  i^ 
may  even  be  convenient  to  have  two  of  these  of  different  lengths, 
in  order  that  diey  may  be  changed,  when  we  wish  to  employ 
the  machine  for  very  large  balances.  Those  which  I  have  made 
use  of  are^  the  one  hsdf  a  metre,  and  the  other  one  metre  (9^4 
inches)  in  length. 

*'  A  vertical  policy,  f,  is  placed  at  the  top  of  the  stem  ab, 
ta  suth  a  manner  that  the  same  vertical  plane  passes  through 
the  axis  of  the  rod,  and  through  the  horizontal  axis  of  th» 
pulley;  the  block  or  collar  CD  of  this  pulley  has  at  its  lower 
part  a  tube  cb,  into  which  enters  with  a  gentle  friction,  diai 
auperior  extremity  of  the  rod  ab;  a  screw,  b,  serves  to  keep 
the  pulley  m  a  fixed  position. 

^  Anodier  pulley,  p,  U  fixed  at  the  bottom  of  the  rod  ab,  in 
•ttch  a  position  that  the  tangent  of  the  puUeys  p  and  p  ia 
parallel  to  the  axis  of  the  rod  ab. 

^  A  cord  KtpBQ?Wf  to  the  end  of  which  is  suspended  on  the 
entside  of  the  vertical  table  K  a  small  weight  k,  passes  through 
a  hole  t  made  in  the  foot  a,  rolls  over  the  pulleys  p  and  p,  and 
i§  attached  at  f  to  a  piece  mm^nqt  which  has  the  form  of  a 
fork,  and  to  which  are  suspended  (as  I  shall  shortly  explain^ 
the  balance,  the  weights,  and  the  substances  that  are  to  be 
weighed.  Fm  is  a  button,  which  bdng  screwed  at  the  top  of 
Ae  fork,  receives  the  end  of  the  cord,  and  by  means  of  a  knot 
made  on  it  sustains  the  fork. 

^  The  tail  or  handle  of  this  fork  is  of  a  prismatic  form  at 
die  part  m'n;  this  prismatic  part  enters  a  groovej^'madeat  A# 
extremity  n  of  the  korixon^  piece  Ma,  so  that  it  can  sUde 
fteely  in  this  groove  either  upwards  or  downwards,  its  course 
being  however  limited  at  m\  where  it  is  stopped  by  the  eoku^ed 
hamUe  of  the  fork,  and  at  n  by  die  greater  width  produced  by 
Ike  separation  of  the  two  branches  of  the  fork. 

^  Tne  piece  no,  which  is  hollow,  and  intersected  at  o  by  the 
sfsm  AB,  can  slide  along  and  turn  round  this  stem :  when  it  i» 
broiq^  to  its  proper  height,  it  is  secured  by  means  of  tfaet 
screw  V,  and  it  is  then  necessary,  first,  that  it  should  be  at  inch 
a  heisht  that,  when  the  stop  ivt  rests  on  the  side  of  the  groove^ 
or  when  n  o  can  move  no  farther  down,  the  sca)e  of  the  balance 
Mil  be  in  contact  with  die  table  or  horiiontal  plane,  in  order 
that  we  mav  afterwards  be  able  to  raise  it  the  mole  height  of 
/ft;  secondly,  that  fke  cord  ff  be  in  ooe  and  the  same  vertical 


Digitized  by 


Google 


102  MACHINES. 

''  The  groove  at  n  ought  to  be  situated  in  such  a  manni^dui^ 
the  axis  of  the  prismatic  part  of  the  tail  of  the  fork,  and  ^^ 
cord  FF%  shall  always  be  tn  the  same  vertical  plane,  or  in  % 
parallel  line  with  the  axis  of  the  stem  ab. 

**  Tiiese  dispositions  being  made,  let  us  imagine  the  twQ 
branches  i?y  of  the  fork  to  be  perforated  with  holes  of  different 
diameters,  m  order  to  receive  horizontal  pins  (gg)  of  different 
sizes;  and  we  shall  have  all  that  is  requisite  for  the  ordinary 
operations  of  weighing,  performed  in  the  air  with  bfdances^ 
the  beams  of  which  are'sUspended  from  abov^. 

^'  In  fact,  whatever  kind  of  balance  we  use,  we  are  to  intrQ-; 
duce  the  extremity  of  its  suspending  handle  into  the  fork  nq^ 
and  insert  into  the  round  hole,  which  the  handle  of  the  balance 
always  has  at  its  superior  extremity,  any  one  of  the  pins  that 
will  enter  with  ease;  we  then  apply  the  piece  on  in  such  ^ 
manner  as  to  fulfil  the  conditions  above  laid  down  for  thq 
position  of  this  piece;  after  which,  it  is  to  be  fi^ed  by  the 
screw  y.  This  being  done,  the  scales  of  the  balance  are  to 
be  charged,  which  being  in  contact  with  the  table,  or  horizontal 
plane,  can  have  no  motion.  When  tlie  scales  ar^  charged,  w^ 
loy  hold  of  the  small  ball  k,  and  draw  the  cord  which  suspend^ 
il  so  as  to  raise  the  balance  very  slowly :  if  the  scales  be  not 
in  equilibrio,  the  cord  is  to  be  loosen^  till  they  rest  again  upoii 
the  table,  and  so  successively. 

*'  A  counterpoise,  g,  suspended  to  the  cord  fg,  ought  tq 
preserve  the  equilibrium  with  the  weight  of  the  balance.  By 
means  of  this  precaution  it  comes  to  pass,  that  the  common 
centre  of  gravity  of  ,all  the  forces  supported  by  the  pulley  v.^ 
&Ils  in  all  cases  upon  the  axid  of  the  stem  ab,  which  thus  has 
Ao  tendency  to  bend. 

'  f'  If  we  wish  now  to  use  a  hydrostatic  balance,  we  adapt  to 
the  stem  A  a  a  small  board  on,  fig.  3,  which,  by  means  of  a 
eylindripal  hole  at  (^,  may  slide  along  the  rod  ab,  and  be  fixed 
at  any  arbitrary  height  by  a  screw  at  v.  Another  piece,  or 
board  k'k^,  is  placed  upon  v'n',  in  such  a  manner  that  th^ 
boles  TT  correspond  with  the  centre  of  the  scales,  under  which 
are  placed  the  hooks  intended  for  holding  the  substances  siuk 
pended  in  the  water,  and  ic'k*  is  ^xed  upon  v'n*  by  means  o£ 
sprews  v'. 

"  These  arrangements  being  made,  let  the  piece  ^^'o*  and  the 
board  H.^k%  be  placed  in  such  a  manner  tha^  fir%t,  the  whol^ 
height  of  the  balance  be  placed  between  this  piece  and  the^ 
board,  and  that  the  scales  ll  be  in  cont$ict  with  the  boar4 
K'k',  th^ir  centres  corresponding  with  Mp*  made  in  Tj;. 
Secondly,  that  k'k}  be  sufficiently  elevated  to  qnable  m  po^ 
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place  under  it  the  vessels  ww^  filled  with  water^  and  conveni- 
ently to  immerse^  in  one  of  these  vessels^  the  substances  which 
we  wish  to  weigh  hydrostatically. 

**  According  to  the  common  practice^  these  substances  are 
suspended  by  a  very  thin  wire ;  but  by  placing,  after  my  method, 
two  .vessels,  and  suspending  to  the  Vko  scales  wires  of  equal 
diameter,  the  one  of  which  supports  the  substance  that  is  to  be 
weighed,  and  the  other  merely  in  part  immersed,  the  magnitude 
of  me  diameter  will  have  no  influence  jUpon  die  accuracy  of 
the  operation;  for,  let  us  suppose  the  apparatus  to  be  adjusted 
in  such  a  manner  that  a|  first  the  two  wires  were  in  eqmlibrio 
with  each  other  (which  may  easily  be  obtained  by  varying  th^ 
height.of  the  water  in  the  vessels),  these  two  wires  will  still  h% 
in  equilibrio,  ?n1ien  tfie  beam  f^  being  elevated,  will  remain  in 
its  horizontal  position :  whence  ,it  follows  that  if  one  of  the 
wires  have  suspended  from  it  a  substance  immersed  in  the 
vater,  and  we  place  in  the  opposite  scale,  and  consequently  out 
of  the  water,  a  weight  adequate  to  keep  the  equilibrium  with 
the  immersed  substance,  for  a  horizontal  position  of  the  beam^ 
the  ej^uilibrium  will  still  be  maintained,  whatever  ma^  be  the 
elevation  or  depression  of  the  beam,  provided  it  continue  in  a 
.horizontal  position ;  for  the  lengths  of  the  wires,  either  above 
or  bdow  me  surface  of  the  water,  being  equal,  the  difference 
fietween  die  specific  weight  of  the  water  and  that  of  the  metal 
will  operate  eijually  upon  both  e,xtremit]es  of  the  beani.  It  is 
evident  that  this  advantage  will  not  be  obtained  if  we  employ 
only  the  wire  to  which  the  fl^bstance  is  suspended,  and  that  the 
equilibrium^  established  for  a  certain  elevation  and  a  horizontal 
position  of  the  beam,  will  not  apply  to  other  elevations  of  the 
beam  by  preserving  it  in  the  horizontal  position. 

''  It  is  to  be  remarked,  that  my  method  compensates  not  only 
fo/  the  excess  of  the  specific  wieight  of  the  %vires  over  that  of 
the  water,  but  also  for  that  which  depends  upon  the  adhesion  of 
the  fluid  to  the  wires,  and  the  covering  of  water  which  they 
carry  along  with  them. 

**  All  that  has  been  ^aid  hitherto  applies  only  tp  balances 
that  are  provided  with  suspended  handles;  but,  in  order  to 
render  this  support  absoluteiv  universal  in  its  use,  it  was  necesr 
sary  that  it  should  be  possible  to  adapt  it  to  a  beam  which  had 
nothing  hut  its  centres;  for  which  purpose  I  contrived  an 
apparatus,  which  is  suspended,  like  those  of  a  common  balance, 
to  the  fork  wy,  and  which  may  receive  the  centres  of  any  beam. 
The  engraved  plates  of  my  machine  represent  it  provided  with 
this  apparatus,  the  construction  of  which  is  as  follows. 

^  A  piece  s^  has  a  screwed  hole  bored  into  it  at  5*,  into  whicl^ 
f^  screw  dd  is  inserted  half  its  length.    Another  bole,  made 
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at  «|  in  a  perpeodicubr  directioQ  \q  the  fipt,  f^pceive«  tl|fiim 
|fg,  to  which  all  the  inferior  apparatus  19  suspended.  Th^ 
hole  s  supplies  the  place  of  that  which  is  found  at  the  upper 
extremity  of  the  suspending  handle  of  balances. 

*'  The  two  other  vertici^l  pieces  r^r^  fi^.  4.  have  at  their  uppe^ 
part  cylindrical  holes  not  screwed^  in  which  the  screw  dd  can 
turn  freely.  These  superior  parts  are  placed  at  an  arbitrary 
distance,  and  retained  in  their  situation  by  means  of  four  nu]^ 
screws  u,  u,  Uj  u,  each  of  ^he  pieces  being  fastened  between 
two  of  these  nut-screws.  A  cylindrical  rod  hk  traverses  thci 
inferior  parts  o(  these  pieces  rr,  aud  is  fixed  there  by  means  of 
p^t-screw8,  in  such  a  manner  tliat  the  superior  and  inftrior 
points  of  tlie  piece  rr  are  iiivariably  at  the  ^me  distance. 

**  Each  of  these  pieces  rr  has,  upon  the  surface  which  18 
|>erpendicular  to  the  direction  of  dd  and  hh,  a  groove  ee,  anda 
circular  aperture  xr having  at  it^  lower  part  a  small  bracket  of 

Eolished  steel  aa,  intended  to  support  pne  of  the  centres  of  the 
earn.  ^  fnto  the  upper  part  of  the  giooves  ee  ^  ruleeV  if 
introduced,  whic|i  must  enter  with  tightness,  and  which,  wili| 
j^  pieces  dd  and  hkj^  give  suc)i  a  solidity  to  the  apparatus 
that  the  adjustment  of  its  part^  canQot  be  in  the  SQiailest  degree 
fijeranged.  The  remainder  of  the  groove,  which  is  not  occupied 
t>y  eV,  ought  to  be  of  a  length  somewhat  greater  than  that  o^ 

£e  largest  cock  o|-  index  adapted  to  the  b^^QMi  which  we  9hal| 
ive  to  use. 

^*  The  inethod  of  using  the  apparatus  which  I  have  iua( 
described  19  very  simple.  The  beam  which  we  intendea  U^ 
employ  is  placed  between  the  two  branches  rr^  which  are  re? 
moved  from  each  other  till  the  centreii  can  be  brought  opposit^ 
to  the  circular  hole^  x;  the  pieces  r,  r,  are  then  brought  toger 
ther  in  such  a  manuer  that  the  centres  enter  these  holes  x^  aud 
fo  as  still  to  leave  some  room  for  motion  between  these  pieces 
and  the  body  gf  the  beam,  in  order  that  the  osciUaUona  of  tbii 
|l>alunce  may  be  perfectly  free.  The  pieces  r,  r,  are  broughi 
parallel  with  each  other,  and  the  adjustment  of  the  apparatus 
IS  rendered  perfectly  firm,  by  means  of  mit*screws,  by  the 
small  cylindrical  rod  AA,  and  by  the  rule  e'eK  The  apparatus 
being  adjusted  in  this  manner,  it  is  suspended  to  the  fork  nq,  bj 
hiser^ug  the  piii  gg  into  the  hole  s,  and  the  balance  is  used  10 
the  manner  that  has  already  been  ei^plained.  We  know  the 
equilibrium  to  be  established,  and  the  beam  to  be  horizontaL 
when  the  index  j(y' divides  the  bread  t;h  of  the  space  ee  into  two 
*qual  parts;  but,  in  order  to  ascertain  tha  circumstaoce  witi^ 
greater  accuracy,  I  have  atta<?hed  to  the  rule  eW  a  plumme^ 
e|t',  by  meai^is  of  which  we  may  distinguish  )th£  sligbleM  de« 
viations  of  the  index  frojp  the  p^rpeu|di(cular  directiom** 
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Oaniih  balakjOBi  U  a  kind  of  balance  or  ^t^elyard  in  < 
pkon  use  io  many  parts  of  the  coDtinent  of  Europe, -and  is  of  a 
yery  simple  coustructioQ.  It  is  thus  described  in  Uie  Eneych-r 
podia  Britannica  (art.  Steelyard) ; "  It  consists  of  a  batten  of 
liard  woody  having  a  heavy  jfump  k  (fig.  7.  pi.  VI.  at  pne  end, 
;md  a  swivel  hpok  b  9t  the  other.  Thjs  goods  to  be  iveifhed 
lu-e  suspended,  on  the  book,  and  the  whole  is  carried  ^a  a  loop 
pf  whipcord  v,  in  which  it  is  slid  backward  and  forward  till  the 
goods  are  balanced  by  the  weight  of  the  other  end.  The  weight 
of  the  good^  is  estimated  by  the  loop  on  a  scale  of  divisiods  in 
Ibarmonic  progression.  They  are  marked  (we  presumj^)  t^ 
jtrial  with  known  weights.'^ 

It  would  seem,  theq,  that  the  writer  of  the  article,  wheno^ 
the  above  is  extracted,  was  not  aware  that  the  divisions  oa  the 
|)anish  balance  might  be  effected  by  a  method  purely  geome- 
trical: yet  M.  Roetner  pointed  out  ^uch  a  method  more  tbim  a 
century  ago,  m  Recueil  de9  Machines  appr.par  VA^ad.  JBojf. 
Sci»  torn.  I.  p.  80.  It  is  in  substance  as  follows:  I^et  AC 
{figs.  7*  8.)  be  the  distance  between  the  point  A  from  which 
the  body  whose  weight  is  to  be  determined  is  suspended,  and  e 
the  centre  of  gravity  of  the  balance  when  the  weight  w  is  not 
attached  to  it.  ]Proni  the  point  c  draw  an  indefinite  line  ci!^ 
making  any  angle  acd  with  the  line  AC  on  which  the  divisiona 
pf  the  balance  are  to  be  marked;  and  through  a  draw  another 
right  line  an  parallel  to  cD.  Set  off  any  equal  distances  CE, 
BF,  FG,  GH,  HI,  Sec.  along  the  line  cp;  and  upon  an  set  off  the 
distance  ab  equal  to  one  of  the^qual  dbtances,  as  CE,  uponcDw 
From  B  as  a  fixed  point  draw  lines  be,  bf,  bg,  bh,&c.  to  the 
several  points  of  division  on  CD ;  and  they  will  intersect  the  line 
^c,  in  the  points  1,  2,  d,  4,  5, 8lo.  where  the  subdivision  marks 
ought  to  stand  in  the  balance,  fig.  7*  The  numbers  1, 2,  9,  4, 
&c.  fig.  8.  denote  so  many  times  the  actual  weight  ol  the 
balance  and  its  knobs,  independent  of  the  adventitious  weight  w. 
Thus  if  the  unloaded  balance  weigh  6Ibs,  tlie  distanees  marked 
I,  S,  3,  4,  ^,  &c.  in  fig.  8.  would  correspond  to  the  suhdivilion 
marks  6,  12,  18,  24,  30, 8cc.  in  fig.  7. 

M.  Roemer  has  not  demonstrated  the  truth  of  this  construe^* 
tion:  but  it  may  be  easily  shewn  thus:  Let  w  be  the  weight  of 
idle  balance  and  knob,  and  w  that  of  the  body  which  is  !•  be 
f^jM^ertained  by  the  instrument.'  Then,  when  the  BOiDt  of  sus* 
pension  is  that  marked  1,  fig.8.  we  have  in  tlie  trianj^  Ab1,Iob, 
the  sides  AB  and  c  B  equal,  also  angle  BA 1 ::;  1  CE,  and  B 1 A  :dl c; 
Aei^efore  these  triangles  are  both  equiangular  and  equftlaltrii; 
consequendy^  4l»lpi  and  by  the  natures  of  the  lever,  and 
|he  c^^  oi  fnyity  V=»^*    AgWi  in  Uhe  manner  when  the 
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point  of  suspension  is  2,  the  triangles  Ah2,  2cp,  areeqniangular; 
and  since  FcnSAB,  we  have  c2=2a2,  and  ws2tr.  So  also 
the  triangles  ad3,  3cg,  are  equiangular;  whence  because  cg:= 
Sab,  cdsSAS,  and  w=:3fr;  and  so  on,  through  the  whole 
division. 

This  bdance  has  been  described  roore  on  account  of  its  cu- 
riosity dian  actual  utility :  for  in  ascertaining  large  weights  it 
would  be  extremely  cumbersome  and  difficult  to  manage.  In 
the  determination  of  ^'eights  not  exceeding  twenty  or  tliirty 
pounds,  it  might,  however,  be  rendered  very  manageabla:  for  it 
might  be  about  the  length  off  an  excisero^'s  rod,  or  9  walking 
sticky  having  a  knob  of  lead  at  one  end ;  and  in  this  case  the 
divisions  near  the  knob  might  be  so  numerous  as  to  enable 
a  person  to  weigh  accurately  to  quarters  of  pounds,  if  not  to 
ounces :  the  rod  might  be  moved  to  and  fro  upon  a  chair-back^ 
or  the  edge  of  a  trussel;  and  thus  this  instrument  might  often 
be  more  conveniently  used  than  a  spring  steelyard. 

Balance  of  a  Clock  or  Watch^  is  that  part  which,  by  its 
motion^  regulates  and  determines  the  beats.  The  circular  part 
of  it  is  called  the  rim,  and  its  spindle  the  verge;  there  belong  to 
it  also  two  pallets  or  mits,  tfaat  play  in  the  faings  of  the  crown* 
wbeel :  in  pocket  watches  diat  strong  stud  in  which  the  lowet- 
pivot  of  the  verge  plays,  and  in  the  middle  of  which  one  pivot 
oi  the  crown-wheel  runs,  is  called  the  potence :  the  wrought 
piece  which  covers  the  balance,  and  in  which  the  upper  pivot 
of  the  balance  plays,  is  the  cock;  and  the  small  spring  in  the 
new  pocket  watches  is  called  the  regulator. 

The  motion  of  a  balance,  as  well  as  that  of  a  pendulum, 
being  reciprocating,  while  the  pressure  of  the  wheels  is  con- 
stantly in  one  direction,  it  is  obvious  that  some  art  must  be 
used  to  accommodate  the  one  to  the  other.  When  a  tooth  of 
the  wheel  has  given  the  balance  a  motion  in  one  direction,  it 
must  quit  it,  that  it  may  get  an  impulsion  in  the  opposite  direc- 
tion. The  balance  or  pendulum  thus  escaping  from  the  tooth 
of  the  wheel,  or  the  tooth  escaping  from  the  balance,  has  given 
to  the  general  construction  the  name  of  scapement  among  our 
artists.    See  Scapembnt. 

Some  of  the  most  important  propositions  relative  to  watch 
balances  may  be  concisely  stated  as  follows:  1.  The  balance 
pf  a  watch  is  analogous  to  the  pendulum  in  its  properties  and 
use.  The  simple  balance  is  a  circular  annulus,  equally  heavy 
in  all  its  parts,  and  concentrical  with  the  pivots  of  the  axis  on 
which  it  IS  mounted.  This  balance  is  moved  by  a  spiral  spring 
called  the  balance  spring,  the  invention  of  Mr.  Hook. 

2.  The  pendulum  requires  a  less  maintaining  power  than  the 
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i>dance.  Hence  the  natural'  isochronism  of  the  pendulum  is 
lisss  disturbed  by  the  relatively  small  inequalities  of  the  main-% 
iainiog  powef*. 

3.  The  elastic  force  of  the  spring  which  impels  the  circum- 
ference of  the  balance  is  directly  as  the  tension  of  tlie  spring ; 
iiat  isy  the  weights  necessary  to  counterpoise  a  spiral  spring's 
elastic  force,  whea  the  balance  is  wound  to  different  distances 
from  the  quiescent  point,  are  in  the  direct  ratio  of  the  arcs 
through  which  it  ^  wound. 

4.  The  vibrations  of  a  balance^  whether  through  great  or 
small  arcs^  are  performed  in  the  same  time.  For  the  accele- 
rating force  is  directly  as  the  distance  from  the  point  of  quies- 
cence :  hence,  therefore,  the  motion  of  the  balance  is  analogous 
to  that  of  a  pendulum  vibrating  in  cycloidal  arches  (vol.  i.  art. 

276.)  . 

5.  The  time  of  the  vibration  of  ^  balance  is  the  same  as  if  a 
quantity  of  matter,  whose  inertia  is  equal  to  that  by  which  tlie 
mass  contained  in  the  balance  opposes  the  communication  of 
Biotioa  to  the  circumference,  described  a  cycloid  whose  length 
'y»  equal  to  the  arc  of  vibration,  described  by  the  circumference, 
the  accelerating  force  being  equal  to  that  of  the  balance. 

6.  The  times  of  vibration  of  different  balances  are  in  a  ratio 
compounded  of  the  direct  subduplicate  ratios  of  their  weights 
and  semidiameters,  and  the  inverse  subduplicate  ratio  of  the 
tensions  of  the  springs,  or  of  the  weights  which  counterpoise 
them,  when  wound  through  a  given  angle. 

7.  The  times  of  vibration  of  different  balances  are  in  a  ratio 
compounded  of  the  direct  simple  ratio  of  the  radii  and  direct 
subduplicate  ratio  of  their  weights,  and  the  inverse  subduplicate 
ratio  of  the  absolute  forces  of  the  springs  at  a  given  tension. 

8.  Hence  the  absolute  force  of  the  balance  spring,  die 
diameter  and  weight  of  the  balance  being  the  same,  is  inversely 
as  the  square  of  the  time  of  one  vibration. 

9.  The  absolute  force  or  strength  of  the  balance  spring,  the 
tkne  of  pne  vibration,  and  the  weight  of  the  balance  being  the 
same,  is  inversely  as  the  square  of  the  diameter. 

1.0.  The  weight  of  the  balance,  the  strength  of  the  spring, 
^d  time  of  vibration  being  the  same,  is  inversely  as  the  square 
of  the  diameter. 

Heoce,  a  large  balance,  vibrating  in  the  same  time  with  the 
same  spring,  will  be  much  lighter  than  a  small  one. 

II.  If  the  rim  of  the  balance  be  always  of  the  same  breadth 
and  thickness,  so  that  the  weig^it  shall  be  as  the  radius,  the 
strength  of  the  spring  must  be  as  the  cube  of  the  diametei^ 
of  tlie  balance,  that  the  time  of  vibration  may  continue  the 
fliame.  ^ 
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19.  The  momentum  of  die  baknce  is  incrtased  better  by 
increasing  its  diameter  than  its  w^ght. 

1 3^.  The  longer  a  detached  balance  continues  its  motion,  the 
better. 

14.  The  greater  the  number  of  vibtatioiis  performed  bj  a 
balance  in  a  given  time,  the  less  susceptible  is  it  of  external 
agitations. 

15.  Slow  vibrations  are,  to  a  certain  extent,  preferable  to 
quick  vibrations:  but  there  is  manifestly  a  limit;  for  if  th« 
vibrations  be  too  slow,  the  watch  will  be  liable  to  stop. 

16.  A  balance  should  describe  as  large  arches  as  possible, 
as  suppose  £40%  26(f ,  300^,  or  an  entire  circle. 

First,  because  the  momentum  of  the  balance  is  thus  in* 
creased ;  and  therefore  the  inequalities  in  the  force  of  Ae  main* 
taining  power  bear  a  less  proportion  to  it,  and  of  conse<|ueucfr 
will  have  less  influence.  2dly.  The  balance  is  less  susceptible  of 
external  agitatbna*  Sdly.  A  piven  variation  in  the  extent  of  tbo 
vibrations  produces  a  less  variation  in  the  going  of  the  niachiae^t 

But  care  must  be  taken  that  in  these  great  vibrations,  the 
spring  shall  neither  touch  any  obstacle,  nor  its  spires  toudi  eack 
other  in  contracting. 

17.  The  Ume  of  the  vibration  of  the  balance  is  increased  by 
heati  and  diminished  by  cold*  First,  because  the  length  of  the 
spiral  spring  is  increased  by  heat,  and  therefore  itr  force  dimi^ 
mshed ;  and  the  contrary  by  cold.     2dly.  The  diameter  of  Um 

l>alance  is  increased  by  beat,  and  therefore  also  the  time  oi^ 
vibration ;  and  the  contrary  by  cold. 

19.  That  balance  is  the  roost  perfect  which,  vutbout  the* 
compensation  of  a  thermometer,  is  most  sul]^ct  to  ibe  mftuence 
of  beat  and  cold.  Because  the  obstructions  from  oil  and  fric* 
tkw  act  as  a  compensation  to  the  expansion  or  contraction  of 
tbe  spring  and  balance;  therefore  th«t  balance  which  is  most 
a£fected  is  most  free  fix>m  the  influence  cxf  oil  and  friction. 

19.  The  arrors  in  the  going  of  a  watch,  artsing  from  the 
change  of  temperature,  may  be  corrected  by  varying  the  lengdi 
pf  the  balance  spring.  Nevertheless,  as  it  is  extremely  diflionte 
to  form  an  isochrcfial  spiral,  any  variation  in  ks  length  is. 
dangerous,  bcQause  we  shall  thus  probably  lose  that  point 
which  determines  its  isochronism. 

30.  The  errors  in  the  going  of  a  watch,  occasioned  by  th^ 
variation  of  temperature,  may  be  corrected  by  varyksg  tli# 
diaoietcr  of  tfie  balance. 

This  may  be  effected  by  a  peculiar  contrivance  which  hasi 
obtained  the  name  of  the  expansion  iaiancr,  being  composed  t>f 
two  different  petals  which  possess  different  degreee  of  expan* 
silnlity,  as  brass  and  steel,  for  instance;  of  i[?hich  two  metak 
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k  Ims  been  olMerved,  dmt  the  incitMe  of  dk&e&MOiifl  by  ex^ 
musiod,  in  like  dkvations  of  temperature,  is  netu-Iy  as  2  to  1  • 
rpr,  according  to  Mr.  Smeaton's  experiments  (vol.  48,  Phil. 
Traas*X  ^  corresponding  expansions  of  hard  steel  and  brass* 
wire  are  as  147  and  232,  the  expansions  bemg  occasioned  by  a 
change  from  a  medium  temperature  to  that  of  160^  of  FahreiH- 
^keil^s  tbermometer.  One  of  the  most  approved  constructions 
of  an  expansion  balance,  is  exhibited  in  plate  VII.  and  is  thus 
deaciibed  by  Mr*  Nicholson:  The  outer  part  of  the  rim  is  brass^ 
and  the  inner  steel.  After  this  compound  rim  is  brought  to 
its  figure  by  turning,  it  is  cut  through  in  three  places,  a,  b,  C^ 
Whi(£  sets  one  end  of  each  third  part  of  the  periphery  at  liberty 
ID  moi^  outwards,  when  the  temperature  is  diminished,  or 
iwwards  when  it  is  increased,  d,  b,  r,  aire  three  similar  and 
a^al  masses  of  oMtal,  fitted  upon  the  circular  bars  in  a  proper 
■Mmner  to  admit  of  their  being  fixed  at  any  required  distance 
from  ihe  extremity,  where  the  notion  is  most  considerable* 
C  B,  1,  are  three  screws,  the  heads  of  which  may  be  set  nearer 
tOj^or  fardier  ffora,  the  centre,  and  serve  as  weights  to  effect  the 
ad^Mitments  lor  position  and  rate.  The  pecunar  advantage  of 
this  balance  may  be  explained  as  follows:  when  an  increase  of 
beait  dimiMsbes  the  elartic  force  of  the  pendulum  spring  k,  the 
out^  brass  rim  being  lengthened  more  than  the  steel,  must 
throw  the  weights  d,  e^  f,  nearer  to  the  axis,  and  diminish  the 
effect  of  the  inertia  of  the  balance,  which  consequently  is  aa 
•peecfily  carried  through  its  vibration  as  before.  And  on  the 
CMtrary,  when  cold  weather  adds  to  the  elastic  force  of  the 
Spring,  the  same  wei|;hts  are  also  thrown  further  out,  and 
prevent  the  acceleration  wUch  would  have  followed.  The 
exact  adjustment  of  die  wdghts  is  found  by  trial  of  the  going 
of  the  machine :  if  it  gain  by  heat,  the  weights  do  more  than 
compensate,  and  must  be  moved  further  from  the  extreme  ends 
of  t^  circular  compound  bars;  but  if  the  gain  be  produced  by 
cold,  the  spring  predominates,  and  the  we^hts  will  accordingly 
require  to  be  set  further  out. 

BALLISTIC  FBN^OLUM,  an  obvions,  though  very  inge^ 
■iouB  contrivance,  first  proposed  by  Mr.  Benjamin  Robins,  tor 
the  purpose  of  ascertaining  the  velocity  of  a  cannon  balL  The 
contrivance  depends  upon  the  principle  explained  art  3 1 S  of  our 
first  volume  >-11te  block  of  wood  which  is  struck  by  the  bail, 
inetead  of  b^ng  left  at  liberty  to  move  straight  forward  in 
the  direction  of  the  ball's  motion,  is  suspended  like  the 
w^ght  of  the  vibrating  pendulum  of  a  clock,  by  a  strong  iron 
stem  (with  adequate  braces)  having  a  horizontal  axb  at  the  to(>, 
on  die  ends  of  which  it  ribrates  fireely  when  struck  by  the 
ball.    This  large  pendulum,  after  receiving  the  blow,  is  pent- 
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trated  by  the  ball  to  a  small  depth,  and  by  reason  of  the  motioiY 
communicated  to  it,  oscillates  round  its  axis^  describing  aif 
arch  which  is  greater  or  less,  according  to  the  magnitude  of 
the  impulsion.  From  the  extent  of  the  arch  described  by  the 
vibrating  pendulum,  the  velocity  of  any  point  of  the  block  can 
be  readily  computed  :  for,  from  the  extent  of  the  arch  and  the 
radius  of  description,  the  versed  sine  becomes  known;  and  it  i» 
well  known  that  the  velocity  with  which  the  body  that  describev 
such  an  ardh  commences  its  motion,  is  the  same  as  the  velocity 
which  would  be  required  to  carry  the  body  vertically  trough 
the  versed  sine  before  its  whole  motion  becomes  destroyed  by 
gravity.  This  velocity,  referred  to  the  centre  of  oscillation  of 
the  pendulum,  will  be  to  the  velocity  communicated  by  the  ball 
to  the  block,  as  the  distance  of  the  centre  of  oscillation  from 
the  axis  of  suspension,  to  the  distance  of  the  point  of  impact 
from  the  same:  and  hence  the  velocity  of  the  ball  becomesr 
inferred,  from  the  consideration  that  it  and  the  pendulum  have 
velocities  inversely  as  their  masses.  Thus,  the  determinalfofi 
of  the  very  great  velocity  of  the  ball,  is  made  to  flow  from  the 
measurement  of  the  arch  described  by  the  pendulum  in  conse- 
quence of  the  blow  struck. 

Several  blocks  of  this  kind,  varying  in  weight  from  600lbs^ 
up  to  about  25  cwt.,  were  constructed  and  employed  under  the 
direction  of  Dr.  Hutton,  for  the  purpose  of  ascertaining  the 
ittitial  velocities,  as  well  as  the  velocities  at  different  distances 
from  the  mouth  of  the  piece,  of  balls  weighing  from  1  to  6 
pounds.  The  minutise  of  the  construction,  the  requisite  inmes* 
tigations,  the  practical  methods  of  determining  the  centres  of 
gravity  and  oscillation,  and  the  arch  of  vibration,  as  well  as  the 
ample  detail  of  the  doctor's  most  valuable  collection  of  expe^ 
riments,  may  be  seen  in  the  2d  and  3d  vok*  of  his  '^  Tracts^** 
published  in  1812. 

While  the  present  volume  is  passing  through  the  press,  9 
ballistic  pendulum  proposed  to  weigh  at  least  3  tons,  and  to 
serve  for  experiments  upon  the  velocities  of  balls  propelled 
from  6,  12,  and  even  24  pounders,  i»  constructing  in  the  Royal 
Arsenal,  Woolwich  :  the  frame  work  for  the  apparatus  is  buifar 
into  the  wall  of  a  suitable  edifice,  in  order  to  ensure  accuracy 
and  stability.  The  experiments  with  an  apparatus  of  this 
magnitude,  though  tliey  will  necessarily  be  attended  with  difli^ 
culties,  will,  it  is  hoped,  present  some  curious  and  important 
results. 

BARK-MiLL,a  mill  constructed  f^r  the  purpose  of  grinding 
and  preparing  bark,  till  it  is  fit  for  the  use  of  a  tauner. 

Bark-mills,  like  most  other  mills,  are  worked  sometimes  by 
means  of  horses,  at  others  by  water,  and  at  others  by  wind* 
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One  of  the  best  mills  we  have  seen  described  for  these  pur- 
poses is  that  invented  by  Mr.  Bagnall^  of  Worsley  in  Lunca^ 
shire:  this  machine  will  serve  not  only  to  chop  bark,  to  griud, 
to  riddle  and  pound  it ;  but  to  beam^  or  work  green  hides  and 
skins  out  of  the  mastering  or  drench,  and  make  them  ready  for 
the  ouse  or  bark  liquor ;  to  beam  sheepskins  and  other  skins  for 
the  skinner's  use;  and  to  scour  and  take  off  the  bloom  from 
tanned  leather,  when  in  the  currying  state.  The  nature  and 
connection  of  the  different  parts  of  this  contrivance  may  be 
understood  from  the  three  figures  on  the  right-hand  side  of 
plate  VII.  together  with  the  following  description. 

Fig.  1.  is  a  horizontal  plan  of  the  mill.  Fig.  2.  longitudinal 
section  of  it.     Fig.  S.  transverse  section  of  it 

A^  The  water-wheel,  by  which  the  whole  machinery  i« 
worked. 

B,  The  shafts. 

c.  The  pit-wheel,  which  is  fixed  on  the  water-wheel  shaft 
B,  and  turns  the  upright  shaft  b,  by  the  wheel  f,  and  works  the 
cutters  and  hammer  by  tapets. 

D,  Tlie  spur  and  bevil-wheel  at  the  top  of  upright  shafts. 

£,  The  upright  shaft. 

F,  The  crown-wheel,  which  works  in  the  pit-wheel  c. 

G,  The  spur-nut  to  turn  the  stones  i. 

p,  The  beam,  with  knives  or  cutters  fixed  at  the  end  to  chop 
or  cut  the  bark;  which  bark  is  to  be  put  upon  the  cutters  or 
grating  t,  on  which  the  beam  b  to  fall. 

Q,  The  tryal  that  receives  the  bark  from  the  cutters  t,  and 
conveys  it  into  the  hopper  h,  by  wluch  it  descends  through  the 
shoe  J  to  the  stones  i,  where  it  is  ground. 

K,  The  spout,  which  receives  the  bark  from  the  stones,  and 
conveys  it  into  the  tryal  l  ;  which  tryal  is  wired  to  aift  or  dress 
the  bark,  as  it  descends  from  the  stones  i. 

M,  The  trough  to  receive  the  bark  that  passes  through  the 
trjral  L. 

B,  The  hammer,  to  crush  or  bruise  the  bark  that  falls  into 
the  dish  s,  which  said  dish  is  on  the  incline,  so  that  the  hammer 
keeps  forcing  it  out  of  the  lower  side  of  the  said  dbh,  when 
bruised. 

k,  A  trough  to  receive  the  dust  and  moss  that  passes  through 
the  tryal  g. 

T,  The  bevil-wheel,  that  works  in  the  wheel  d,  which  works 
the  beam-knife  by  a  crank  v  at  the  end  of  the  shaft  u, 

^',  The  penetrating  rod,  which  leads  from  the  crank  v  to  the 
start  X. 

Xf  Tlie  start,  which  has  several  holes  in  it  to  lengthen  or 
shorten  the  stroke  9f  the  beam-knife. 
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ifj  The  dtaft,  to  tirbich  tfie  s&de  fodi  A;  A^  ii^  fixed  by  4ui 
starts  n,  n. 

Ay  The  slide  tod,  on  which  the  knife/ is  fixed ;  lirhicfa  kbiftf 
is  to  work  the  hides,  8cc.  On  die  knife  are  two  springs  a,  a,  to^ 
let  it  have  a  little  play  ds  it  makes  its  stroke  backwarcb  and  fof^ 
wards,  so  that  it  may  not  scratch  or  damage  the  hides,  See. 

tf  Is  a  catch  in  slule-fod  A,  which  catches  on  the  arch^heade^ 
and  the  said  arch-head  conveys  the  knife  back  without  toncfifnig 
Ae  hide,  and  then  fills  back  to  receive  the  catch  aeain. 

/,  The  roller  to  take  np  the  siide-rod  A,  while  the  hides  ore 
shifting  on  the  beam  b  by  pulling  at  the  handle  m. 

bf  Toe  beam  to  work  the  hides,  8ic.  on.  Each  beam  baa  four 
wheels  p,  p,  working  in  a  trough  road  g,^,  a»d  removed  by  the 
levers  c,  c.  When  the  knife  has  worked  the  hide,  ftc,  sufii- 
ciently  in  one  part,  the  beam  is  dien  shifted  by  die  lever  c  as  fiir 
as  is  wanted. 

i,  A  press,  at  the  upper  end  of  the  beam,  to  bold  tbe  hide 
fast  on  tbe  beam  whHe  workii^. 

e,  An  arch-head,  on  which  the  slide-rod  k  catches;  ^ 

/,  The  knife  fixed  on  the  slide-rod  A,  to  work  ttie  hides>  ko 

f ,  Cutters  or  grating  to  receive  the  bark  for  chopping. 
The  beam  p,  virith  knives  or  cutters,  may  either  be  worked  by 

tapers,  as  described,  or  by  the  bevil-wheel  t,  with  a  crank,  aa 
1^,  to  cut  the  same  as  shears. 

The  knife/is  fixed  at  tbe  bottom  of  die  start,  which  is  fixe^ 
on  the  slide  rod  A;  the  bottom  of  the  start  is  split  open  to  ad* 
mit  the  knife,  the  width  of  one  foot;  the  kn^  should  have  a 
gudgeon  at  each  end,  to  fix  in  the  open  part  of  the  start ;  and 
the  two  springs  a,  a,  prevent  the  knife  from  giving  too  much 
way  vi^n  woii^ing ;  the  knife  should  be  one  foot  long  and  four 
or  fite  inches  broml. 

The  arch-head  e  wHl  shift  nearer  to,  or  further  from,  the  beam 
A,  and  will  be  fixed  so  as  to  carry  the  knife  back  as  far  as^is 
vranted,  or  it  may  be  taken  away  till  wanted. 

The  roller  /  is  taken  up  by  pulling  at  the  hai^cBe  m^  which 
takes  up  the  sKde-rod  so  high  as  to  give  head-room  under  the 
beam<-knife.  The  handle  may  be  hung  upon  a  hook  for  that 
purpose.  Tie  slide-rod  will  keep  running  upon  the  roller  all 
the  time  die  hide  is  shifting;  and  when  ibe  bide  is  fixed  the 
knife  is  put  on  the  beam  again  by  letting  it  down  by  the  handle 
m.  There  may  be  Jtwo  or  morc^  knives  at  work  on  one  beam  at 
the  same  time,  by  having  difiierent  sfide-rods.  There  should  be 
two  beams,  so  that  die  workmen  could  be  ahijfting  one  hide,  &,c. 
while  the  other  was  working.  The  beam  must  be  flat,  and  a 
little  on  the  slope.  As  to  t|ie  breadth  it  does  not  signtfjr ;  the 
broader  it  is  the  less  shifting  of  the  hides  wiH  be  wanted,  as  the 
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lever  c  will  sfcift  diem  as  fiir  as  ^  widdi  of  Ae  hide,  if  reqidreil. 
Mr.  Bagnall  has  formed  a  kind  of  press  d^  to  let  down,  by  a 
lever^  to  hold  the  hide  fast  on  each  side  of  die  knife  if  required, 
so  that^it  will  suffer  the  knife  to  ma^e  its  back  stroke  withovt 
pulling  the  hide  up  as  it  comes  back*  The  slide-rod  may  ba 
weighted,  to  cause  the  knife  to  lay  stress  on  the  hide,  &c.  ac« 
cordihg  to  the  kind  and  condition  of  the  goods  to  be  worked; 

Hides  and  skins  for  the  skinner's  use  are  worked  in  the  warn 
"Way  as  for  the  tanners. 

Scouring  of  tanned  leather  for  the  currier's  use  will  be  done 
on  the  beam^  the  same  as  working  greeq  hides..  It  is  onij 
taking  the  knife  away,  and  fixing  a  stone  in  the  same  manner  as 
the  knife  by  the  said  joints  and  to  have  a  brush  fixed  to  go  either 
before  or  after  the  stone.  The  leather  will  be  better  secured 
this  way  than  by  hand,  and  much  sooner. 

The  whole  machinery  may  be  worked  by  water,  wind,  steam, 
or  any  other  power.  And  that  part  of  the  machinery  which 
relates  to  ihe  beaming  part  of  the  hides  may  be  fixed  to  any 
horse  bark-mill,  or  may  be  worked  by  a  horse  or  other  power 
separately. 

For  an  account  of  another  ingenious  bark«mill,  by  Mr.Tho* 
mas  Chapman,  see  the  Retrospect  of  Phil,  and  M echan^  Disco* 
series,  vol.  i.  p.  S90. 

BARKER'S  MILL  is  a  kind  of  water-mill,  imrented  by  Dr* 
Barker,  which  without  either  wheel  or  trundle  performs  the 
operation  of  grinding  com.  This  mill  is  represented  in  fig.  8, 
pL  IV.  in  which  A  is  a  pipe  or  channel  diat  brings  water  from 
r  a  reservoir  to  the  upright  tube.  The  water  runs  down  the 
tube,  and  thence  into  the  horizontal  trunk  c,  which  has  equal 
arms ;  and,  lastly,  runs  out  through  holes  at  d  and  e,  opening 
on  contrary  sides  near  the  ends  of  those  arms.  These  orifices 
d,  e,  have  sliders  fitted  to  them,  so  that  their  magnitude  may  be 
increased  or  diminished  at  pleasure. 

The  upright  spindle  d  is  fixt  in  the  bottom  of  the  trunk,  and 
screwed  to  it  below  by  the  nut  g ;  and  is  fixt  into  the  trunk  by 
two  cross  bars  aty :  so  that,  if  the  tube  b  and  trunk  c  be  turned 
round,  the  spindle  d  will  be  turned  also. 

The  top  of  the  spindle  goes  square  into  the  rynd  of  the  upper 
mill-stone  h,  as  in  common  mills ;  and  as  the  trunk,  tube,  and 
spindle,  turn  round,  the  mill-stone  is  turned  round  thereby.  The 
lower  or  quiescent  mill-stone  is  represented  by  i ;  and  k  is  the 
floor  on  which  it  rests,  in  which  is  the  hole  l  to  let  the  meal  run 
through,  and  fall  down  into  a  trough  which  may  be  about  m. 
The  hoop  or  case  that  goes  round  the  milestone  rests  on  the 
floor  K,  and  supports  the  hopper,  in  the  common  way.  The 
lower  end  of  the  spindle  turns  in  a  bole  in  tlie  bridge-tree  qp, 
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mhUAk  supports  the  mitt-stoiie,  tube,  sjpiaSe,  aod  truiA.  TUm 
tiree  is  moveable  on  a  pin  at  hf  and  its  other  end  is  supported  by 
an  iron  rod  n  fixed  into  it,  the  top  x>f  the  rod  going  throuch 
the  first  bracket  o,  and  having  a  screw-nut  o  upon  it,  above  the 
bracket.  By  turning  this  nut  forward  or  backward^  the  mill- 
stone is  raised  or  lowered  at  pleasure. 

.  Whilst  the  tube  b  is  kept  full  of  water  from  the  pipe  a,  and 
the  water  continues  to  run  out  from  the  ends  of  the  trunk;  the  . 
upper  mill-stone  h,  together  with  the  trunk,  tube,  and  spmdlc^ 
turn  round.  But  if  the  holes  in  the  trunk  were  stopt,  no  motion 
would  ensue;  even  though  the  tube  and  trunk  were  ftiU  of 
water.  For,  if  there  were  no  hole  in  the  trunk,  the  pressure  of 
the  water  would  be  equal  against  all  parts  of  its  skIcs  within. 
But  when  the  water  has  free  egress  through  the  holes,  its 
pressure  there  is  entirely  removed  :  and  the  pressure  against  tho 
parts  of  the  sides  which  are  opposite  to  the  holes  turns  the 
machine. 

Mr.  James  Rumsey,  an  American  gentleman,  has  rather  im- 
proved this  machine,  bj;r  conveying  the  water  from  the  reservoir^ 
not  by  a  .pipe  as  adb,  m  great  part  of  which  the  spindle  tums, 
but  by  a  pipe  which  descends  from  A,  without  the  frame  hNp 
till  it  reaches  as  low,  or  lower,  than  o ;  and  dien  to  be  conveyed 
by  a  curvilinear  neck  and  collar  from  g  to  gf  where  it  enters 
the  arms,  as  is  shewn  by  the  dotted  lines  at  the  lower  part  of 
the  figure.  A  like  improvement  was  made  by  M.  Segner,  a 
German. 

Most  of  the  authoi%  who  have  attempted  to  lay  down  the 
theory  of  this  mill  have  fallen  into  error :  the  most  ingenious 
theory  we  have  yet  seen  is  by  Mr.  fFm.  Waring  (given  in  the 
American  Tramactionif  vol.  iii.);  whiqh,  with  some  such  Cor- 
rections as  appeared  necessary  to  adapt  his  rules  to  practical 
purposes,  is  nearly  as  follows : 

.  1 .  The  first  enquiry  relates  to  the  magnitude  of  the  pipe  which 
conveys  the  water  from  the  reservoir  to  the  centre  of  the  hori- 
zontal tube  ed,  at  g.  To  this  end,  let  a  =  the  area  of  the 
prifice  by  which  the  water  is  admitted  Big;  A  =  the  perpen- 
dicular height  of  the  sqrface  of  the  water  in  the  reservoir  above 
g;  d  zz  the  vertical  depth  of  any  horizontal  section  of  the  pipe 
below  the  same  surface ;  $  zz  the  surface  or  area  of  the  hori- 
zontal section  of  the  pipe,  at  die  depth  d.  Then  since  the 
areas  in  the  several  parts  of  the  pipe  should  be  inversely  as  the 
velocities,  and  the  velocities  (art  439,  cor.  2.  vol.  I:}  are  in  the 
subduplicate  ratio  of  the  depths  below  the  head,  those  areas 
must  be  inversely  in  the  subduplicate  ratio  of  the  depths;  con^ 

sequently,  j  =  ^,  and  s=A^"5*     So  that  the  pipe  must 
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bave  its  bore  increased  from  the  level  of  g  upwards  in  the  ratio 

of  1  to    /j ;  and  if  a  section  in  any  part  be  less  than  would 

be  assigned  by  this  ratio,  the  water  will  be  obstructed  in  its 
passage. 

2.  Of  the  initial  force  with  which  the  machine  commences  its 
motion.  If  we  couceive  the  water  pressing  io  the  tube  from  g 
towards  e,  previous  to  the  opening  of  the  aperture,  there  will 
manifestly  be  no  motion  occasioned ;  because  the  forces  on  the 
oppbsite  sides  of  the  tube  balance  each  other,  and  the  forco 
against  the  end  c  is  resisted  by  the  fixed  axle  Dg,  or,  if  we 
consider  both  arms,  it  is  balanced  by  the  equal  force  acting  upon 
the  equal  end  at  d,  in  an  opposite  direction.  But  if  one  of  the 
apertures,  as  d  (its  area  being = a),  is  opened,  the  pressure  upon 
that  portion  of  the  tube  is  taken  away,  and  the  equal  and  oppo- 
site pressure  upon  an  equal  portion  of  the  contrary  side  of  the 
tube,  having  now  nothing  to  keep  it  in  equilibrio,  tends  to  move 
tbe  arm  eg  about  the  axis  i>g :  in  like  manner  when  the  aper- 
ture e  (also  zza)  is  opened,  tne  pressure  which  was  previously 
counterbalanced  by  the  opposite  pressure  on  tbe  orifice  e,  now 
exerts  iu  tendency  to  produce  a  rotatoir  motion  about  die  azia 
i:jg :  so  that  combining  together  the  effects  of  both  these  un- 
balanced pressures,  and  considering  that  tbe  pressure  of  water 
upon  any  point  is  proportional  to  ^e  depth  of  that  point  below 
the  upper  surface  of  the  fluid,  we  shall  have  2aArr,  for  the  force 
ivhich  causes  the  rotatory  motion  to  commence ;  the  values  of  a 
and  h  being  taken  in  feet,  and  w  representing  62j  lbs.  avoirdu- 
pois, the  weight  of  a  cubic  foot  of  water,  fiat  as  the  velocity 
of  rotation  increaaes,  the  pressure  depending  upon  the  relative 
velocities  of  the  water  and  the  ndes  of  the  tube  diminishes,  and 
cooaequently  the  power  is  diminished,  notwithstanding  what  is 
gained  by  that  which  we  now  proceed  to  consider. 

3.  The  centrifugal  force.  This  may  be  found  in  a  similar 
manner  to  that  which  was  adopted  when  considering  the  theory 
of  the  centrifugal  pump  (art  537,  vol.  I.).  Thus,  if  besides  the 
preceding  notation  we  take  /  for  the  length  of  each  arm  gd,  ffe, 
t  for  the  time  of  rotation,  g  for  32-|  feet,  the  measure  of  the 
force  of  gravity,  and  ir  for  3*141593 ;  since  a  is  the  section  of  the 
flowing  water  at  right  angles  to  its  motion,  we  shall  have,  by 

proceeding  as  in  the  article  just  referred  to,  — p  =:  the  length 

of  a  column  of  water,  whose  pressure  is  equal  to  the  centrifugal 

force,  or — -r—  =  76'70625  —  the  weight  of  a  column  of  water 

^  lbs.,  which  is  equivalent  to  the  centrifugal  force  of  the  fluid 
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in  both  amis.  And  this  is  equivalent  to  the  awmentatioo  of 
power  at  the  apertures,  because  fluids  press  equaUy  in  all  direc- 
tions. 

4.  The  inertia  oftheAuid  greatly  counteracts  the  effects  of 
die  centrifugal  force.  The  inertia  of  the  rotatory  tube  with  the 
contained  fluid  would  not  continue  to  resist  the  moving  power 
after  the  velocity  became  uniform,  were  the  same  fluid  retained 
in  it  as  was  in  it  when  the  motion  was  first  imparted :  but  as 
this  [passes  off,  and  there  b  a  continual  succession  of  new  matter 
acquiring  a  motion  in  the  direction  of  the  rotation,  there  must 
be  a  constant  re-action  against  the  sides  of  the  tube,  equal  to  the 
commdnicating  force.  Now  this  re-action  is  very  different 
from  that  of  a  fluid  confined  in  the  tube,  when  it  begins  fo 
move ;  because  a  pardcle  at  the  extremity  of  the  tube  is  not  to 
receive  its  whole  circular  motion  there,  but  gradually  acquirea 
it  by  a  uniform  acceleration  during  its  passage  along  the  tube : 
so  that  we  must  here  enquire  what  force  will  give  to  the  quanti^ 

of  water  alw,  in  the  time  ^  of  its  passing  dirough  its  respective 
horizontal  arm,  die  velocity  — ,  in  the  direction  of  the  aper* 
ture.  Managing  this  according  to  the  rules  given  for  forcer 
4n  the  Dynamics,  we  shaU  have  -— ^ —  x  — j —  =  19*6S78 

— ,  for  the  resbtance  in  lbs.  opposed  to  each  arm^  such  resist- 
ance being  estimated  as  if  accumulated  at  the  dbtance  H  from 
the  centre  of  motion. 

5.  Jcquirtd  velocity  of  the  water.  Accordmg  to  the  theory  of 
Hydrauucs,  the  velocity  of  water  issuing  dirough  an  aperture  at 
the  depth  h  below  the  upper  surface  of  a  reservoir  is  expressed 
by  8*0208  ^A,  which,  when  reduced,  in  conformity  with  the  ex- 
periments of  Bossut  and  others,  becomes  5  ^h  very  nearly ;  and 
4iiis  is  the  velocity  of  the  water  passing  out  of  the  tubes  at  the 
commencement  o^ the  rotation.    Then,  as  v^(2aAa?):  &^ktx 

^(2ahw  +  76-70625  ^)  :  5^(h  +  38-3^5312  ;^)  =  5 

a/(^A  +  •61365  -jr)  =  V,  the  acquired  velocity  of  the  water* 

6.  Ratio  of  the  central  force  to  the  inertia.  This  will  be  as- 
certained by  substituting  for  v  in  the  expression  1 9*6878  —  iu 

value  just  found;  so  that  we  have  98439  ^  x  a/(-615654- 
■j^^  for  the  inertia,  while  the  centrifugal  force  is  measured  by 
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^6-1062*  ^.  Now  we  find  Aat  76*70625  ^  :  98-439  —  X 
a/K-61S65+  5)  •  •  ^  '•  1-2883  a/(-61S65+  ^),ora8  1 : 

\/\    "^ JS — /  ^^  ncarfy;  which  is  die  ratio  of  the  power 

l^ained  by  the  centnfiigal  force  to  the  obstruction  arising  firom 
inertia.  Whence  it  appears  that  the  latter  is  greater  than  the 
former,  except  when  /  =  0,  A  ==  0,  or  ^  =  oq  ^  cases  never  occur- 
ring  in  practice ;  and  that  the  longer  the  arms,  the  less  the  fall  of 
water,  and  the  greater  the  velocity  of  rotation,  die  nearer  these 
f<M*ces  approach  to  the  ratio  of  equality. 

6.  Aqjustmeptt  of  ihe  parts  and  motion.  Here  it  must  be  par- 
iticiriarly  observed,  that  the  x:entrifu^l  force  should  not  exceed 
the  gnnrky  of  .the  water  levolving  m  the  arms  gd,  ge\  for  in 
that  case  the  water  would  be  drawn  into  the  tube  faster  than  it 
could  be  naturally  aupplied  at  its  entrance,  by  the  velocity 
proper  to  that  depth,  and  of  consequence  a  vacuum  must  be 
occasioned :  nor  should  the  velocity  of  the  apertures  be  greater 
than  half  that  of  the  water  through  them ;  for  the  apertures, 
being  still  adapted  in  point  of  magnitude  to  the  velocity,  the 
effluent  quantity  or  number  of  acting  particles  is  as  the  time, 
the  momentum  b  in  the  simple  ratio  of  the  relative  velocity,  and 
theirrfore  (art.  472^  cor.  3.  vol.  I.)  the  greatest  effect  Mill  be 
prodi^ced  whe;^  th|s  velocity  of  the  apertures  is  equal  to  half  that 
4ue  to  the  head  of  water.  These  two  conditions  expneased  al 
|^l[^rdcally  will  fiimish  the  equations, 

76-10625  -J  =  aako  •  •  • .  ^'  =  i V(A  +  /)  c 

fit>m  which  equations  we  deduce  the  following, 

fh  «=  9-29345/  =  151446^ 
/  =  l-6296/»  =  -1076* 
t  =  \/'61S65i  =  ••06603A 
Whence  it  appears  that  A,  /,  and  f'^  are  nearly  in  the  constant 
ntio  of  15,9J,  and  I. 

Still  it  should  be  observed  tfaa)  v?hile  I  and  t  are  preserved 

in  a  constant  ratio,  the  v|dues  of  76*70625  •^,  and  of  12*273 — , 

i.  e.  of  ^e  central  force  and  of  the  inertia  must  rjemain  the 
same :  so  diat  die  brachia  may  be  made  of  any  length  at  fdea- 
sure  (not  less  than  *  1076 A)  if  the  time  of  revolution  be  taken 
ifk  a  corresponding  proportion,  or  so  that  the  velocity  of  the 
apertures  undergo  no  variation,  which  will  be  ensured  by  mak* 
ing  r  =  ^*6 13652:  for  a  double  or  triple  radius,  revolving  in 
a  deuble  or  triple  time,  or  with  half  or  a  third  the  angular 
velodty,  has  the  same  absolute  vi^ocity  at  the  extremity ;  and, 
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with  the  same  power  there  applied^  w31  produce  the  same  effect* 
Hence, 

7.  The  fMfving  force  and  velocity  of  the  machine^  when  the 
effect  is  a  maximum,  may  be  fountC  For,  if  we  put  '6 1365/  for 

//  l-646fti«V     . 

t\  and  9-29345/  for  A  m  the  expr^asion  \f\}+  — tT"/    ^t 

becomes  v'Cl  +3)=  2;  in  which  case  the  resistance  of  inerUi| 
is  jdst  double  the  central  force,  or  the  gravity  of  the  water  in  thQ 
tube  =  125fl/,  which  taken  from  the  impelling  force  leaves  62*5 
(ah  +  /)  -  125fl/  =  6*Z*5a  (h-l)^  55H5ah  lbs.  avoirdupoif 
=:  the  real  moving  force,  at  the  distance  of  the  <?entres  of  the 
apertures  from  the  centre  of  motion,  /  bebg  taken  =:  'lOT^A^ 
And  by  a  like  substitution  the  velocity  f\/(A+/)i  become? 
i^(VlOl6h)  =  2.63205  y/h,  feet  per  second. 

'8.  Area  of  the  apertures.  If  a  z::  the  ari^a  of  a  sec^on  of 
the  race  perpendicular  to  tfie  direction  of  its  motion,  ▼  =*  ito 
velocity  per  second,  both  in  feet,  a  and  h  as  before ;  then  it 

will  be  A V  =  10a  a/  (a  +  -6 1 365  i^)  cubic  feet  =  the  quan- 
tity of  water  emitted  per  second,  by  both  apertures :  hence  a  w 

tures. 

From  the  preceding  investigation  we  ma]|r  deduce  the  follow* 

ing      '     '  •■■'.;      ''     ' 

Easy  practical  rules. 

1.  Make  each  arm  of  the  horizontal  tube,  firom  the  centre  of 
motion  to  the  centre  of  the  aperture,  of  any  convenient  lengthy 
not  less  than  f  of  the  perpendiculiir  height  of  the  water's  surface 
above  these  centres. 

2.  Multiply  the  length  of  the  arm  in  feet,  by  *61365,  anci 
take  the  square  root  of  the  product  for  the  proper  Ume  of  a  re- 
volution in  seconds ;  and  adapt  the  other  parts  of  the  machinery 
to  this  velocity :  or, 

3.  If  the  time  of  a  revolution  be  given,  multiply  the  square 
<af  this  time  by  1*6296  for  the  proportional  length  of  ^  Idrni  it|' 
feet. 

4.  Multiply  together  the  breadth,  depth,  and  v^docity,  pet; 
second  of  the  race,  and  divide  the  last  product  by  14'27  tim^ 
the  square  root  of  the  height,  for  the  area  of  either  aperture : 
or,  multiply  the  continual  product  of  the.  breadth^  depth,  fuid 
Telocity,  of  the  race,  by  the  square  root  of  the  height,  and  bV, 
the  decimal  *07 ;  the  l^st  product,  divided  by  the  beigbti  wiU 
give  the  area  of  the  aper.Uire«  '? 
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5.  Multiply  die  area  of  either  aperture  by  the  height  of  di^ 
head  of  water,  and  the  product  by  55*175  (or  56  lbs.),  for  the 
mofkg  force,  estimate  at  the  centres  of  the  apertures  b 
poundf  avoirdupms. 

6.  The  power  and  velocity  at  die  apertures  may  be  easily  re- 
dhftced  to  any  part  of  the  ipachinery,  by  obvious  rules. 

BAROMETER,  a  well-known  instrument  for  measuring 
tiM  weight  or  pressure  of  the  atmosphere,  and  the  variations 
that  happen  therein,  in  order  to  indicate  the  changes  in  the  wea- 
ther, or  the  changes  in  vertical  distance  from  any  point  upon 
the  earth's  surface. 

We  shall  here  describe  a  few  of  the  most  useful  constructions 
of  the  barometer,  and  shall  begin  with 

The  Common  Barometer.  This  is  represented  at  fie.  1  •  plate 
VII*  such  as  it  was  invented  by  Torricelli.  ab  is  a  glass  tube, 
of  ^,  or  f ,  or  i  inch  wide,  the  more  the  better,  and  about  34 
inches  long,  being  close  at  the  top  a,  and  the  open  end  b  im- 
mersed in  a  basin  of  quicksilver  cd,  which  is  the  better  the 
wider  it  is.  To  fill  this,  or  any  other  barometer,  take  a  clean 
new  glass  tube,  of  the  dimensions  as  above,  and  pour  into  it  well- 
purified  quicksilver,  with  a  small  funnel  either  of  glass  or  paper, 
in  il  fine  continued  stream,  till  it  wants  about  half  an  inch  or  an 
inch  of  being  full;  then,  stoppii^  it  close  with  the  finger,  invert 
i^  slowly,  and  the  air  in  die  empty  part  will  ascend  gradually  to 
die  other  end,  collecting  into  itself  such  other  small  air  bubbles 
as  unavoidably  get  into  the  tube  and  mix  with  the  mercury, 
in  filling  it  with  the  funnel :  and  thus  continue  to  invert  it  se- 
veral times,  turning  the  two  ends  alternately  upwards,  till  all 
the  air  bubbles  are  collected,  and  brought  up  to  the  open  end 
of  die  tube,  and  till  the  part  filled  shall  appear,  without  speck, 
like  a  fine  polished  steel  rod.  This  done^  pour  in  a  little  more 
quicksilver,  to  fill  the  empty  part  quite  full,  and  so  exclude  all 
air  from  the  tube :  then,  stopping  the  on&ce  again  with  the 
finger,  invert  die  tube,  and  immerse  the  finger  and  end,  thus 
irtopped,  into  a  basin  of  like  purified  quicksilver.  In  this 
position  withdraw  the  finger;  so  shall  the  mercuiy  descend  in 
the  tube  to  some  place,  as  h,  between  28  and  31  inches  above 
that  in  the  basin  at  f,  as  these  are  the  limits  between  which 
it  always  stands  in  this  country  on  the  common  sur&ce  of  the 
earth.  Then  measure,  from  the  surface  of  the  quicksilver  in 
the  basin  at  f,  98  inches  to  k  and  31  inches  to  l,  dividing  the 
space  between  them  ipto  inches  and  tenths,  which  are  marked 
op  a  scale  placed  against  the  side  of  the  tube ;  and  the  tenths 
•re  subdivided  into  hundredth  parts  of  an  inch  by  a  sliding 
apd«](  oirrying  a  vernier  or  nonius.  These  3  inches,  between 
88  and  31,  so  divided,  will  answer  for  all  the  ordinary  purposes 
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ef  a  stationary  or  chamber  barometer;  but  for  experiments  on 
altitudes  and  depths  it  is  proper  to  have  the  divbions  carried  ob 
a  Irttie  higher  up,  and  a  great  deal  lower  down.  In  the  prop^ 
filling  and  otherwise  fitting  up  of  the  barometer,  several  circuai- 
stances  are  to  be  carefully  noted ;  as,  that  the  bore  of  the  tube 
be  pretty  wide,  to  allow  the  freer  motion  .of  the  quicksilver, 
without  being  impeded  by  an  adhesion  to  the  sides ;  that  the 
lasin  below  it  be  also  tolerably  large,  in  order  th^t  the  surface 
of  the  mercury  at  f  niay  hot  sensibly  rise  or  Ml  with  that  in  this 
tube ;  that  the  bottom  of  the  tube  be  ctit  off  rather,  obliquely, 
so  that  when  it  rests  on  the  bottom  of  the  basin  there  may  be^ 
free  passage  for  the  (juicksilver ;  and  that,  to  have  the  quick- 
silver very  pure,  it  is  best  to  boil  it  in  the  tube,  which  wHl 
expel  all  the  aiir  from  it.  This  barometer  is  Commonly  fitted 
up  in  a  neat  mahogany  case,  together  with  a'  thermometer  ami 
bygrometer. 

2.  As  the  scale  of  variation  is  small  in  the  coipmon  baro- 
meter^ being  n6t  mote  than  3  inches,  several  contrivances  havte 
been  devised  to  enlarge  the  scale,  br  to  render  the  motion  ctf 
the  quicksilver  more  perceptible.  Among  the  best  of  these  rs 
that  known  by  the  name  of  Diagonal  Bardmetety  represented 
in  fig.  2;  where  abc  h  a  tube  hermetically  sealed  at  c,  and 
immersed  in  a  basin  of  mercury  at  A.    This  tube  is  per- 

{endicular  from  a  to  b,  where  the  scale  of  variation  begm^ ; 
ut  is  there  bent  into  the  f6rm  bc,  making  an  acute  angle  vbc. 
Tliis  part  BC  extends  to  the  highest  limit  in  the  scale  of  varia- 
tion, viz.  Id ;  and  consequently  while  the  mercury  rises  from  % 
io  I,  in  the  common  barometer,  it  will  move  in  this  from  b  to 
c,  enlarging  the  scale  of  variation  in  the  proportion  of  bc  t6 
FB ;  that  is,  of  the  diagonal  to  the  least  side  of  the  parallelo^ 
gram. 

But  this  barometer  is  attended  with  one  great  inconvenience, 
which  lessens  it6  utility.  Quicksilver  being  a  venr  heal^  body, 
and  Supported  on  the  part  bc,  forming  an  inclmed  plane,  if 
must  have  a  veiy  considerablie  degree  of  friction,  whioh  will  be 
increased  in  proportion  as  the  part  bc  is  more  oblique ;  and 
consequently  the  very  sn^all  and  nice  variation  of  the  air^s 
pressure  cannot  be  so  accurately  indicated  in  this  as  in  die 
common  form.  It  also  very  often  happens,  from  the  inclina» 
tion  of  die  part  bc,  that  the  quicksilver  divides  into  several 
parts,  and  thence  frequently  requires  the  trouble  of  re^filliog 
the  ti^be.  This  barometer  m  as  invented  by  Sir  Samuel  Mor^ 
Jand. 

3.  Cassini  invented  another  kind  of  barometer,  in  order  to 
enlarge  the  scale  of  variation ;  an  invention  whith  wiis  after- 
Ivards  completed  by  M.  John  Bernoulli.    It  consists  of  atub^ 
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4CPF  (fig.  3.)  hermeticaUy  sealed  at  A^  and  bent  to  a  nglit 
.  angle  at  d  ;  whence  it  has  acquired  the  name  of  the  horizontal 
rectiiogiilar  barometer.  The  mercurj  stands  in  both  the  legs 
froio  E  to  B ;  the  scale  of  variation  from  a  to  c  is  made  in  n. 
lurger  part ;  and  it  is  evident,  that  in  moving  three  inches  from 
A  to  c  it  will  move  through  so  many  times  three  inches  in  the 
small  leg  df  as  the  bore  of  df  i^  less  than  the  bore  of  ac  ; 
vrhence  the  motion  of  the  mercury  at  £  must  be  extremely 
sensible.  But  the  inconvenience  here  too  is,  that  the  mercury 
is  very  apt  to  break  off  in  the  leg  e,  as  well  as  to  run  out  at  the 
,  «md  £•  'Here  is  also  a  great  degree  of  friction,  and  at  the  jsame 
liitie  the  attraction  of  cohesion  will,  from  the  smallness  of  the 
bore  DF,  impede  the  free  motion  of  the  mercury. 
^  4.  The  PendafU  Barometer  is  made  in  another  form^  con- 
aisting  of  a  single  tube  suspended  by  a  string  fastened  to  the 
end  ▲  (fig.  4.)  This  tube  is  of  a  conical  or  tapering  form,  the 
end  A  being  a  little  less  than  that  at  b.  It  is  hermetically  soiled 
at  A,  and  filled  with  mercury  :  then  will  the  mercury  sink  to  its 
common  station,  and  admit  a  length  of  altitude  cd,  the  same 
with  that  in  the  common  barometer:).  But,  from  the  conical 
bore  of  the  tube,  the  merciu-y  will  descend  as  the  air  becomes 
lighter,  till  it  reaches  its  lowest  altitude,  when  the  mercury  will 
MQuid  fixim  the  lowest  part  of  the  tube  b  to  b  ;  so  that  bb  =  128 
inches:  and  consequently  the  mercury  wiU,  in  such  a  tube, 
moVe  from  a  to  e,  or  32  inches,  if  the  tube  be  five  feet  lopg; 
80  that  the  scale  ab  may  here  be  made  more  than  10  times 
greater  than  that  of  the  common  barometer.  The  inconve^ 
nience  attending  this  barometer  is,  that  as  the  tube  must  be 
made  of  a  very  small  bore,  to  prevent  the  mercury  from  falling 
out  by  an  accidental  'shake,  the  friction  and  adhesion  to  the  sides 
of  the  tube  prevent  that  freedom  of  motion  necessary  to  shew  a 
tery  small  variation  in  the  weight  of  the  air. 

5*  Mr.  Rowning  had  several  contrivances  for  enlarging  the 
scal^  and  that  in  any  proportion  whatever.  One  of  these  is 
described  in  No.  427.  Phil.  Trans,  and  has  now  obtained  the 
same  of  Bownin^s  Barometer:  it  is  represented  at  fig.  5.  where 
ABC  is  a  compound  tube,  hermetically' sealed  at  a,  and  open  at 
c;  empty  from  ▲  to  d,  filled  with  mercury  from  thence  to  B, 
and  thence  to  £  with  water.  Here,  by  varying  the  proportions 
of  the  two  tubes  af  and  fc,  the  scale  of  variation  may  be 
ckaiqred  in  any  degree. 

6.  Dr.  Hookas  Wheel  Barometer  was  invented  about  1668^ 
and  is  likewise  intended  to  render  the  alterations  in  the  state  of 
the  air  more  perceptible.  Here  the  barometer  tube  has  a  large 
ball  ab  at  the  top  (fig.  9-  pi-  VII.),  and  is  bent  up  at  the  lower 
^  open  end,  wbu-e  an.iroA  ball,  a,  floats  on  the  top  of  the 
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mercHry  b  the  lube*  to  wliicli  is  connected  miother  ball,  a,  hy 
a  cord,  hanginff  freely  over  a  pulley,  turning  an  index  kl  about 
its  centre.  When  the  mercury  rises  in  the  part  fg  it  raises  the 
ball,  and  the  other  ball  descends  and  turns  the  pulley  with  th« 
index  round  a  graduated  circle  from  n  towards  if  and  p  ;  and 
the  contrary  way  when  the  quicksilver  and  the  ball  sink  in  the 
bent  part  of  the  tube.  Hence  the  scale  is  easily  enlaVged  ten  or 
twelve  fold,  being  increased  in  proportion  as  the  length  of  die 
index  exceeds  the  radius  of  the  pulley.  But  then  the  friction 
of  the  pulley  and  axis  greatly  obstructs  the  free  motion  of  the 
qnicksnver.  Contrivances  to  lessen  the  friction  are  described 
in  Phil.  Trans,  vol.  52  and  60.  In  Nicholson's  Journal,  No. 
9,  New  Series,  the  rev.  James  Wilson  has  described  a  method 
of  increasing  the  sensibility  of  the  barometer,  ad  libitum^ 
which  is  very  ingenious ;  but  need  not  be  inserted  here :  for 
this,  and  all  contrivances,  having  the  same  end  in  view,  are  not 
superior,  but  often  inferior,  to  the  common  barometer,  for 
dU  phtlosophical  purposes ;  and  that  for  a  reason  which  admits 
of  no  reply.  Their  scale  must  be  determined  in  all  its  parta 
by  that  of  the  common  barometer ;  and,  dierefore,  notwith* 
Sending  their  great  range,  they  are  susceptible  of  no  greater 
accuracy  than  that  with  which  the  common  barometer  can  be 
observed  and  measured/  And  besides  this,  these  compound 
bar6nieters  have  an  additional  source  of  error,  in  the  action  of 
cohesion,  the  operation  of  friction,  &c.  So  dmt,  except  (per- 
haps) for  mere  chamber  purposes,  the  common  construction  of 
the  barometer,  with  a  nonius  applied  to  its  scale,  is  greatly  pre- 
ferable ;  and  our  attention  should  be  entirely  directed  to  its  im- 
provement and  portability. 

7.  This  leads  us  to  speak  of  the  construction  of  a  portabk 
JBarometer^  which  may  be  carried  from  one  place  to  another 
without  being  rendered  unfit  for  use ;  and  is,  therefore,  ready 
to  be  adopted  at  all  times  in  the  mensurati<M)  of  altitudes,  Su:* 
In  this  barometer  the  end  of  the  tube  is  tied  up  in  a  leathern 
bag,  not  quite  full  of  mercury,  which  being  pressed  by  the  air 
forces  the  mercury  into  the  tube,  and  keeps  it  suspended  at  its 
height.  This  bag  is  usually  enclosed  in  a  box,  through  the 
bottom  of  which  passes  a  screw,  by  whose  means  the  mercury 
may  be  forced  up  to  the  top  of  the  tube,  and  prevented  from 
breaking  it  by  dashing  against  die  top  when  die  instrument  is 
removed  from  one  station  to  another.  Mr.  Patrick  was,  we 
believe,  the  first  who  made  a  contrivance  of  this  kind;  but  the 
portable  barometer  has  received  various  improvements  since  by 
M.  de  Loic,  Sir  Geo.  Shuckburgh,  Gen.  Ro^,  Mr.  Ramsden, 
and  others.  Fig.  8.  pi.  VI](.  represents  this  instrument  as  ei»- 
ctoied  in  its  nudiogaiiy  case  by  aMans  of  dwee  metallic  rings 
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Jb^  by  h.  This  case  is  a  hallow  cone,  so  sfaai>ed  within  as  steadily 
Ux  contab  tlie  bodj  of  the  barometer,  and  is  divided  into  three 
branches  from  a  to  c,  forming  diree  legs  or  supports  for  the 
instrument  when  observations  are  making,  and  sustaining  it  at 
die 'part  g  of  the  case ;  by  an  improved  kind  of  gimbals,  as  it 
appears  in  fig.  d.  in  which  its  own  weight  renders  it  sufficiently 
steady  at  any  time.  In  the  part  of  the  frame  ag  where  the 
barometer  tube  appears  a  long  slit  or  opening  is  made,  so  that 
the  C9lumn  of  mercury  may  be  seen  against  the  light,  and  the 
Temier  piece,  a,  brought  down  to  coincide  very  nicely  with  the 
edge  of  the  mercunr.  When  the  instrument  is  fixed  in  its 
jBtand,,  the  screw,  y^  is  to  be  turned  to  let  the  mercury  dovm  to 
its  proper  position,  and  a  peg  at  p  must  be  loosened,  in  order 
that  the  external  air  may  be  admitted  to  act  upon  the  mercury 
contained  in  the  box  b.  The  proper  adjustment  or  mode  of 
observing  the  zero  or  0  Avision  of  the  column  of  mercury  is  by 
observing  it  in  the  transparent  part  of  the  box  fr,  which  has  a 
glass  reservoir  for  the  Quicksilver,  and  an  edged  piece  of  metal 
attached  to  the  external  part  of  it ;  with  the  edge  of  which  the 
mercury  is  to  be  brought  into  contact,  by  turning  the  screwy 
to  the  right  or  left,  as  occasion  reqtiires.  The  vernier  piece  at 
a,  which  determines  the  altitude  of  the  mercurial  column,  is 
first  brought  down  by  the  hand  to  a  near  contact,  and  then 
accurately  adjusted  hj  turning  the  screw  h  at  the  top.  The 
divisions  annexed  to  the  tube  of  tfib  instrument  may  be  of  any 
kind,,  or  of  any  degree  of  minuteness,  according  to  the  purpose 
it  18  intended  to  serve.  To  accommodate  it  to  the  use  of  fo^ 
reisners  as  well  as  the  English,  diere  are  commonly  added 
^Gues  of  both  French  and  English  inches,  with  the  requisite 
subdivisions.  It  is  usual  to  place  die  French  scale  of  inches 
on  the  right  side  at  ag  from  It  to  SI  inches,  measured  from  the 
xero  or  surface  of  the  mercury  in  the  box  b ;  each  inch  being 
divided  into-lines  or  l£th  parts,  and  each  line  subdivided  by  the 
vernier  into  10th  parts :  so  that  the  length  of  the  mercurial  co^ 
lomn  may  be  determined  to  the  120di  part  of  a  French  inch. 
Hie  other  scale,  which  is  placed  on  the  left  side  of  the  instru* 
ment,  ia  divided  into  20th  parts  of  inches,  and  these  again  into 
%SAk  parts  by  means  of  the  vernier;  thus  measuring  to  500ths' 
of  an  English  inch :  and  die  divisions  on  the  vernier  scale  are 
mariDed  double  what  they  really  are,  in  order  that  the  measures 
may  be  expressed  in  diousandth  parts  of  an  inch,  for  the  con- 
vraieoce  of  cakmlation. 

To  dtts  instrument  a  thermometer  is  always  attached,  as  a 
necessary  appendage ;  being  fastened  to  the  body  at  c,  and  sunk 
iaio  die  surface  of  ^e  frame  to  preserve  it  from  injury :  the 
jjiegEees^f  ikm  thermometer  are  generally  marked  so  as  to  indi* 
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cate  the  diTisions  both  of  Fabrenlieit'i  and  of  ReauiDur's  fcal«« 
(See  Thermombter.)  Also  on  the  right  hand  of  these  two 
scales  is  a  third,  called  scale  of  correction^  with  the  words  add 
and  subtract  marked ;  thus  serving  to  shew  the  necessary  cor 
rection  of  the  observed  altitude  of  the  mercuryy  at  <iny  given 
temperature  of  the  air  indicated  by  the  thennometer. 

A  very  considerable  improvement  in  the  construction  of  the 
portable  barometer  has  been  made  by  Sir  H.  C.  Englefield.  To 
his  construction  lightness,  firmness,  and  ease  of  application,  are 
blended.  The  barometer  tube  is  about  33}  indies  in  length ; 
its  bore  one  tenth  of  an  inch  in  diameter,  and  the  external 
diameter  three  tenths  of  an  inch.  The  cistern  is  of  box,  per- 
fectly cylindrical,  an  inch  in  its  internal  diameter,  and  an  mch 
in  depth.  A  short  stem  projects  from  its  top  (when  in  thepcv 
sition  for  observations),  to  give  a  firmer  hold  to  the  tube.  Thir 
stem  has  a  perforation  sufficiently  large  to,  admit  the  tube, 
which  is  glued  to  it  in  the  usual  way.  The  tube  reaches  to  the 
middle  of  the  depth  of  the  cylinder,  the  bottom  of  which  if 
closed  by  a  screw-cap  and  leather.  This  tube  being  filled  and 
boiled  in  the  common  way,  and  the  instrument  held  inverted  in 
a  perpendicular  position,  mercury  is  poured  into  the  cistern 
till  it  is  filled  within  a  fifth  of  an  inch  ot  the  top  :  then  die  lid  is 
firmly  screwed  on,  and  secured  from  being  opened  by  a  small 
screw  passing  through  its  side.  The  end  of  the  tube  in  the 
cistern  can  never  be  uncovered  by  the  mercury  in  any  possible 
ppsition,  and  of  course  no  air  can  ever  enter  it :  and  since  the 
areas  of  the  cistern  and  the  tube  are  as  the  squares  of  the  dia- 
meters, it  may  easily  be  shewn  that  the  mercury  must  fall  \B\ 
inches  before  the  cistern  is  quite  full,  a  space  more  than  adeauate 
to  the  measure  of  the  highest  mountams  on  the  earth.  When 
this  barometer  is  set  upright  the  atmosphere  acts  upon  it  through 
the  pores  of  the  wood.  The  variations  of  altitude  in  this  in- 
strument, when  the  dimensions  are  as  above  stated,  will  be  one 
ninety-first  part  less  than  in  a  barometer  furnished  with  an  a|>- 
paratus  for  bringing  the  surface  of  the  niercury  in  the  cistern  to 
a  fixed  level :  this  defect  might  be  remedied  by  a  correspoMU 
ent  division  of  the  scale ;  but  it  is  much  more  convenieat  to 
divide  the  scale  to  real  inches,  and  make  the  necessary  allowance 
in  the  result.  This  barometer  is  mounted  in  a  mahogany  tidie 
of  the  size  of  a  walking-stick,  and  has  attached  and  detached 
thermometers. 

_  For  the  observation  of  the  height  of  the  mercury,  two  oppo-. 
nte  slits  are  cut  in  the  mahogany  tube,  reaching  firom  about  52 
to  20  inches,  for  the  longer  scales,  or  from  32  to  25  for  such 
as  are  intended  to  be  used  in  this  coun^v  The  front  sHt  has 
its  sides  bevelled^  and  is  exteriorly  about  j^.of  an  inch.wid^; 
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liavifig  a  hnaa  plate  fixed  on  one  side,  divided  as  usual,  to 
iochesy  tenths^  and  twentieths.  On  this  plate  slides  a  nonius 
moveable  by  a  small  knob^  which  reads  off,  as  in  other  baro- 
meters, to  the  500th  of  an  inch :  to  this  nonius  is  attached  a 
small  portion  of  brass  tube,  which  embraces  the  barometer 
tube ;  its  lower  edge  beii^  in  observation  made  a  tangent  to  tbe 
'Convex  surface  of  the  mercury,  as  in  other  well-coustruoted 
barometersy  and  the  very  narrow  slit  bdiind  furnishes  suflkaent 
light  for  observation. 

When  Sir  Henry  proposes  to  make  an  observation,  about 
five  minutes  before  he  arrives  at  the  place  he  takes  out  the  de« 
tacbed  thermometer  from  its  place  in  the  end  of  the  mahogany 
tube,  holding  it  by  the  upper  end  at  nearly  arm's  length  from 
his  body,  and,  if  the  sun  shines,  in  the  shade  of  his  per^n  :  it 
very  soon  takes  the  temperature  of  the  air,  and  is  not  sensibly 
affected  by  the  heat  of  the  hand.  The  heat  being  observed  and 
written  down,  the  barometer  is  turned  up,  the  brass  tube  half 
turned,  and  tbe  instrument  held  between  the  finger  and  thumb 
of  the  left  band  above  the  slide,  so  as  to  let  it  hang  freely  in  a 
vertical  position.  Since  few  persons,  if  any,  have  sufficient 
steadiness  of  hand  to  prevent  little  vibrations  in  the  mercury  in 
jdiis  position;  the  hand  should  be  either  rested  against  any  fixed 
body,  or,  if  no  such  occurs,  by  kneeling  on  one  knee ;  the  cis* 
tern  should  be  let  down  so  as  to  touch  the  ^und,  the  left  hand 
holding  the  barometer  in  a  vertical  position,  which  a  little 
practice  will  render  easy.  The  index  must  thep  be  moved  by 
tbe  knobs  till  its  under  surface  is  tangent  to  the  mercury :  and 
a  few  slight  taps  should  be.  given  to  the  tube,  to  ascertain  that 
tbe  mercury  is  fallen  as  low  as  it  can.  The  height  being 
dran  read  off  and  roistered,  together  with  that  of  the  attached 
Aermometer,  the  brass  tube  is  turned  back  so  as  to  cover  the 
slits,  Uie  instrument  gently  inverted ;  and  the  whole  is  finished 
in  about  two  minutes. 

Sir  Henry  does  not  detail  the  rules  by  which  the  altitude  may 
be  deduced  firom  the  observations,  since  these  have  been  given 
by  many  authors.  But  he  furnishes  a  table  which  indeed  is  en- 
graven on  tbe  barometec,  that  will  enable  a  traveller  to  com- 
pute dltitttdes  with  great  facility ;  the  results  not  deviating  far 
from  the  trudi.  He  remarks  that  observations  vrith  a  smgle 
barometer  may  lead  to  tolerably  accurate  results ;  and  states  his 
method  of  proceeding ;  which,  however,  need  not  here  be  de- 
tayed.  The  weight  of  this  improved  barometer  does  not  exceed 
a  pound  and  a  hidf.  Tbe  maker  is  Mr.  Jones,  of  Mount  Street, 
Berkd^  Square. 

Several  minutisB  in  the  mechanical  construction  of  these  in- 
stnuients  vrill  be  more  obvious  from  a  few  nuntttes*  inspection 
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Ihan  by  any  further  details  here.    TThe  tmles  for  tfaeir  usefki  tfi^ 
ascertaining  of  aldtades'ipaybe  learnt  by  turning  to  the  theo« 
retic  part  of  thb  work :  book  iv. 
'     BEAM  COMPASSES.    See  Compasses. 

BEER-DRAWING  MACHINES  are  contrivaoces  by  Dteans of 
which  the  beer  is  drawn  from  three  or  four  casks  at  once,  from 
cocks  standing  in  one  frame,  in  the  bar  of  a  tavern,  or  any  coii- 
iFenient  place  above  a  cellar.  These  machines  are  nothing  else 
than  an  assemblage  of  small  pumps,  either  sucking  or  forcing, 
whose  pipes  of  communication  are  attached  to  the  lower  parts 
of  the  respective  casks  from  which  the  liquor  is  drawn.  The 
notion  is  given  to  the  piston  sometimes  by  levers,  at  others 
by  cranks;  most  frequently,  we  believe,  by  means  of  a-bammer- 
forroed  lever  moving  in  a  vertical  plane. 

BELLOWS,  an  instrument  constructed  for  the  purpose  of 
alternately  drawing  and  expelling  air.  In  the  common  culinary 
bellows  die  air  rushes  in  at  a  hole  or  holes  in  the  bottom, 
called  feeders,  over  which  is  a  flapping  valve,  and  is  expelled 
du^ugh  a  conical  pipe  called  the  nozzle,  by  means  of  a  kind  of 
mechanism  which  is  too  well  known  to  need  any  description 
here. 

It  is  not  the  impulsive  force  of  the  blast  that  is  wanted  iir 
most  cases,  but  merely  the  copious  supply  of  air  to  produce  the 
rapid  combustion  of  inflammable  matter;  and  the  service  would, 
in  general,  be  better  performed  if  this  could  be  done  With  mo- 
derate velocities  and  an  extended  surface.  What  are  called 
air-furnaces,  where  a  considerable  suHace  of  inflammable  matter 
is  acted  on  at  once  by  the  current  which  the  mere  heat  of  the 
expended  air  has  produced,  are  found  more  operative,  in  pro- 
portion to  the  air  expended,  than  blast-furnaces  animated  by 
bellows.  There  is,  indeed,  a  great  impulsive  force  reijuired  in 
some  cases ;  as,  for  blowing  off  the  scoriie  from  the  surface  of 
silver  or  copper  in  refining  furnaces,  or  for  keeping  a  clear  pas« 
sage  for  the  air  in  great  iron  furnaces.  But  in  general  we 
cannot  procure  this  abundant  supply  of  air  in  any  other  way 
than  by  giving  it  a  great  velocity  by  means  of  a  great  pressure 
or  impulse ;  the  air  is  admitted  into  a  very  large  cavity,  and 
then  forcibly  expelled  from  it  through  a  small  orifice. 

The  method  of  producing  a  continual  blast  by  a  centrifugal 
force  has  been  long  known,  being  mentioned  by  Jgrkola  4k 
Re  Metallica,\ih.  6.  p.  62.  But  the  first  bellows  acting  upon 
this  principle,  of  which  we  recollect  a  distinct  account  amongst 
the  modems,  is  that  invented  by  M.  Teral,  in  17S9,  and  de- 
scribed in  the  Recueil,  des  Machines  approuvSes  par  VAca^ 
detnie  Roy.  des  Sciences^  tome  S.  This  machine  is  represented 
in  fig.  7.  pi.  VIII.  where  ab  is  a  cubical  box,  with  a  top  rather 
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trdiad :  to  this  box  is  adapted  a  boUow  pyraondal  fnistum  c, 
«t  the  extremitj  of  which  b  the  tube  or  nozzle  d  ;  the  capacity 
of  the  pyramid  not  being  separated  from  that  of  the  box.  This 
box  contains  an  arbor  or  shaft  carrying  vanes,  as  gf,  posited 
horizontally,  and  which  are  here  placed,  as  it  were,  out  of  the 
•box,  that  their  shape  aud  number  may  be  seen.  The  ends  of 
the  arbor  run  in  a  proper  collar  on  each  side  of  the  box^and  one 
end,  as  f^  passes  through  the  side  of  the  box,  and  carries  m 
pulley :  over  this  pulley  passes  a  cord  or  baud,  which  also  runs 
round  part  of  a  wheel  hi,  situated  at  some  distance  from  the 
bellows,  and  which  is  turned  by  the  handle  m.  Thus  it  will  be 
aianifes^  that  as  this  handle  turns  the  wheel  hi,  it  will,  by 
means  of  the  band,  turn  the  pulley  f  and  the  arbor  and  vanes^ 
with  a  Telocity  which  will  be  to  that  of  the  wheel  as  the  radius 
of  the  wheel  to  that  of  the  pulley.  Hence  the  greater  the 
dkuneter  of  the  wheel,  and  the  less  that  of  the  pulley,  the  moi^ 
rapidly  will  the  exterior  air  (which  enters  by  small  holes  hh, 
into  the  top  of  the  box)  be  driven  by  the  vanes,  and  compressed 
iDto  the  trimcated  pyramid  c,  and  thence  expelled  at  n,  in  a 
continued  blast ;  which  will  likewise  be  the  more  violent  the 
greater  the  action  at  the  handle  if .  This  machine,  being  very 
•mple,  is  easily  constructed,  and  at  a  small  expence. 

Another  bellows,  furnishing  a  uniform  blast,  is  described  m 
the  article  Pn£uhatic8,  Encyclopadia  Britannkaj  as  below: 
one  cylinder  is  made  to  deliver  its  air  into  another  cylinder, 
which  has  a  piston  exactlv  fitted  to  its  bore,  and  loaded  with  a 
sufficient  weight.  The  blowing  cylinder  ABCD(fig.  3.  pi.  VIIL) 
has  its  piston  p  worked  by  a  rod  np,  connected  by  double 
chains  with  the  arched  head  of  the  working  beam  no, .moving 
round  a  gudgeon  at  r.  The  other  end  o  of  this  beam  is  con* 
nected  by  the  rod  op  with  the  crank  pq  of  a  wheel-mik:hine ;  or 
it  may  be  connected  with  the  piston  of  a  stean^engine,  Sec.  &c. 
The  blowing  cylinder  has  a  valve  or  valves  b  in  its  bottom, 
opening  inwards.  There  proceeds  from  it  a  large  pipe  cf, 
vHiich  enters  the  r^ulating  cylinder  GHKI,  and  has  a  valve  at 
top,  to  prevent  the  air  from  getting  back  into  the  blowing  c}« 
Under.  It  is  evident  that  the  air  forced  into  this  cylinder  must 
raise  its  piston  L,  and  that  it  must  afterwards  descend,  iihile 
the  other  piston  is  rising.  It  must  descend  uniformly,  and 
make  a  perfectly  equable  blast. 

Observe,  that  if  the  piston  l  be  at  the  bottom  when  the  ma- 
chine begins  to  work,  it  will  be  at  the  bottom  at  the  end  of  every 
stroke,  if  the  tuyere  t  emits  as  much  air  as  the  c} Under  abc  ji 
tumishes;  nay,  it  wiU  lie  a  while  at  the,  bottom ;  for,  whil«»  it 
was  rising,  air  was  issuing  through  t.  This  would  make  an 
interrupted  blast.    To  prevent  tbis^  the   orifice  t  mu^t  \^ 
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lessened ;  but  then  there  will  be  a  surplus  of  air  at  the  eai  of 
each  stroke,  and  the  piston  l  will  rise  continually,  and  at  last 
get  to  tlie  top,  and  allow  air  to  escape.  It  is  just  possible  to 
adjust  circumstances,  so  that  neither  shall  happen.  I1iis  is  done 
easier  by  putting  a  stop  in  the  way  of  the  piston,  and  putting  a 
Talve  on  the  piston,  or  on  the  conducting  pipe  kst,  loaded 
with  a  weight  a  little  superior  to  the  intended  elasticity  of  the 
air  in  the  cylinder.  Therefore,  when  the  piston  is  prevented  by 
the  stop  from  rising,  the  shifting  valve,  as  it  is  called,  is  forced 
open,  the  superfluous  air  escapes^  and  the  blast  preserves  i\a 
uniformity. 

The  Hydraulic  Forse  Bellows^  of  Mr.  J.  C.  Homblower,  !»• 
a  very  ingenious  contrivance,  and  is,  therefore,  described  here. 
This  invention  is  shewn  in  plate  V. 

A  the  plunger,  or  workmg  part  of  the  bellows,  18  indies^ 
square  within,  which  receives  the  air  by  a  valve  in  the  hinder 

Sirt  opening  inwards,  which  at  the  stroke  by  the  rockstaiF  s 
rows  it  down  the  tube  indicated  by  the  dotted  lines,  winch  ha» 
a  valve  opening  into  the  reservoir  d,  whence  it  is  led  to  the 
tuyere  by  the  pipe  p.  Length  of  the  plunger  20  inches,  stroke 
nine  inches.     Diameter  of  p  three  inches ;  of  the  nozzle  0*6. 

The  whole  is  placed  in  a  pit  or  cistern,  having  water  sufficient 
to  rise  to  the  lower  end  of  the  tube  where  the  valve  hangs ;  this 
tube  is  the  only  communication  between  the  upper  part  and  the' 
reservoir  d  :  when  as  much  water  is  poured  in  round  the  work-^ 
ing  part,  over  the  wash-boards,  as  will  rise  within  five  inches  of 
the  upper  edge  of  them,  the  bellows  is  ready  for  use.  The  little 
framework  serves  to  keep  it  from  rising,  and  affords  a  conve- 
nient support  for  the  balance  and  the  rockstaff.  ^fhe  area  of 
the  pit  or  cistern  ought  to  be  at  least  twice  as  much  as  that  of 
the  plunger  a. 

Mr.  Homblower  mentions  a  very  striking  difference  between 
the  effect  of  this  bellows  and  a  common  leathered  SO-incb 
bellows  in  the  same  shop.  The  leathered  bellows  throws  con^ 
siderably  more  air  to  the  fire,  and  its  nozzle  compared  with 
this  is  as  '73  to  '60  in  diameter,  but  it  does  not  produce  so 
great  an  effect  in  bringing  on  the  heat,  and  the  noise  of  this  ia 
to  great  as  almost  to  drown  that  of  the  common  one.  Hie 
only  difference  in  other  respects  is,  that  in  the  hydraulic  bellowa 
the  pipe  ^oes  under  ground  for  about  eight  feet,  and  the  con- 
ducting pipe  of  the  other  comes  down  about  the  same  distance- 
from  the  shop  above.    {Nicholsan^s  Jour.  N.  S.  vol.  I.) 

When  bellows  are  made  more  than  usually  large>  for  extensive 
furnaces,  they  have  b^en  frequently  worked  by  water-wheels. 
But  iron  furnaces  have,  of  late,  been  constructed  of  such  mag- 
nitude that  no  leather  bellows  could  be  made  sufficientlycap^ 


Digitized  by 


Google 


Mhck  Macbmefy,  1 29 

eiaiis ;  and  keiice  large  fercina  pumps  have  often  been  snbati- 
tttted  for  thenu  One  of  the  blowing  engines  used  at  the  Carron 
iron  works,  and  constructed  by  the  celebrated  Smeaton,  is 
described,  with  an  illustrative  plate,  in  the  second  volume  of  the 
Pantolooia,  to  which  the  reader  must  be  referred* 

Bellows,  or  blowing  engine  by  water.  A  machine  of  this 
kind,  in  which  the  stream  of  air  is  Supplied  by  the  flowing  of 
water,  has  been  lonff  employed  at  the  iron  works  of  PouIIaouen 
in  France.  The  shower  of  vrater  in  its  descent  through  the 
vertical  pipe  of  the  machine,  carries  down  a  mass  of  air  along 
with  it  (upon  the  principle  of  the  lateral  adhesion  of  fluids)  in 
the  same  manner  as  a  shower  of  rain  on  the  flat  surface  of  the 
sea,  produces  that  temporary  blast  of  wind  which  the  seamen 
term  a  squaU.  Its  effects '  in  producing  a  blast  of  air  are  infe^ 
rior  to  that  of  the  steam  engine ;  but  in  situations  which  afford 
a  plentiful  supply  and  a  sufficient  fall  of  water,  it  may  fre* 
qoently  be  employed  with  advantage. 

BLOCK  MACHINERY.  The  machinery  for  manufacturing 
ship's  blocks  in  the  royal  dock-yard  at  Portsmouth,  invented  by 
Mr.  Brunei,  is  greatly  and  deservedly  celebrated.  A  concbe 
account  of  it  is,  therefore,  here  given. 

The  machines  devoted  to  this  purpose  have  been  separated 
bto  four  classes,  i.  The  sawing  machine  for  converting  the 
large  timber  into  proper  dimensions  for  the  small  machines  to 
operate  upon.  2.  Those  machines  which  are  employed  in 
forming  the  sheaves.  3.  Those  which  form  the  iron  pins  for 
the  blocks.  4.  Those  by  which  the  shells  of  the  blocks  are 
manufactured.  They  are  all  worked  by  means  of  two  steam 
engines,  each  of  thirty-horse  power.  Either  of  these  can  be 
applied  indifferently  to  work  the  chain  pumps,  gr  for  turning 
the  wood-mill;  and  their  power  is  transmitted  by  a  train  of 
wheeUwork,  to  a  horizontal  shaft,  extending  along  the  centre  of 
the  middle  building,  very  near  its  roof.  Upon  this  are  a  num- 
ber of  wheels  and  drums,  which,  by  endless  ropes  and  straps^ 
communicates  motion  to  the  several  subordinate  machmes. 

The  order  of  the  processes  is  this.  The  elm  trees  are  first 
cut  into  short  lengths,  proper  to  form  the  various  sizes  o*  blocks, 
by  two  large  sawing  machines,  one  a  reciprocating^  the  other  a 
circular  saw.  These  lengths  of  the  trees  are  next  cut  into 
squares,  and  ripped  or  split  up  into  proper  sizes  by  four  sawing 
benches  with  circular  saws,  and  one  very  large  reciprocating 
saw,  which  is  employed  for  cutting  up  the  pieces  for  very  large 
blocks. 

The  scantlings,  thus  prepared  for  the  blocks,  are  perforated 
m  three  boring  machines^  with  a  hole  through  each  to  contam 
die  centre  pin  for  Uie  sheaves  of  the  block,  and  as  many  other 
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holes  in  a  direction  perpendicular  to  the  former,  as  die  nnmber 
of  sheaves  it  is  to  have ;  these  holes  being  intended  as  the  conr- 
mejncement  of  the  several  mortises  to  contain  the  sheaves. 
«  The  biocfs  are  next  mortised  in  three  mortising  engines, 
tvhich  elongate  the  holes  abovementioned  to  their  proper 
dimensions.  Here  the  motion  of  the  sliding  frame  for  the 
chisels  is  communicated  to  it  by  means  of  a  long  working  beam 
or  lever,  extending  the  whole  length  of  the  frame  at  the  top  of 
it.  At  one  end  it  is  united  by  a  connecting  rod  with  the  chisel 
frame ;  and  at  the  other  it  is  fixed  to  an  axis,  which  is  sup* 
ported  bj  the  framing,  and  which  forms  its  centre  of  motion.  A 
connecting  rod  is  joined  to  it  in  the  middle  of  the  beam  ;  the 
lower  end  of  which  is  worked  by  a  crank,  formed  in  the  middle 
of  the  main  axis,  which  is  situated  in  a  direction  perpendicular 
to  that  which  w^  have  described,  and  is  supported  in  the  framing. 
It  is  provided  with  a  cone  for  casting  off  the  movement.  The 
engine  with  the  beam  acts  with  surprising  rapidity,  making  up- 
wards of  400  strokes  per  minute,  at  every  one  of  which  it  cuts 
out  a  chip  from  each  mortise  as  thick  as  pacteboard.  Its 
movement  is,  indeed,  so  rapid,  that  the  chisels  cannot  be  dis- 
tinctly seen  when  it  is  at  work ;  so  that  the  mortises  seem  to 
lengthen,  and  chips  to  fall  out,  without  any  evident  cause. 

The  angles  of  the  blocks  are  next  cut  off  by  three  circnlai 
saws,  as  preparatory  to  reducing  them  to  the  eUiptieal  figure. 

The  outside  surfaces  of  the  block  are  then  formed  to  their 
true  figure  by  three  shaping  engines,  each  of  which  forms  every 
part  of  ten  blocks  simultaneously. 

The  scores,  or  grooves,  roimd  the  block  are  next  formed^  to 
receive  the  rope  or  strap  by  which  they  are  suspended ;  this  is- 
effected  by  two  scoring  engines. 

Then  the  blocks  are  trimmed  by  manual  labour^  to  smooth 
and  polish  them. 

In  order  to  make  the  sheaves,  the  first  process  is  cutting 
pieces  or  flakes  off  the  end  of  the  treea  of  lignum  vits,  of  a 
suitable  thickness  to  form  the  sheaves.  This  is  accomplished 
by  a  reciprocating  and  two  circular  saws.  These  flakes  are 
made  circular,  and  the  centres  pierced  in  two  rounding  and  cen-^ 
tering  machines,  or  trepan  saw. 

A  hole  is  next  excavated  in  the  centre  of  each  sheave,  to  inlay 
the  coak  or  piece  of  bell  metal,  which  is  fitted  into  the  centre 
of  each  sheave,  to  form  a  socket  tor  the  centre  pin.  The  centre 
holes  through  the  coaks  are  next  broached  out  to  a  true  cy- 
linder in  three  broaching  machifies. 

The  last  process  is  turning  the  faces  and  edges  of  the  sheaves 
to  a  flat  surface,  iu  three  facing  lathes^  which  also  form  the 


Digitized  by 


Google 


Bramatii  Press,  S^c.  1 31 

grooVe  rotind  the  edges  for  thein^  for  the  rope  which  encom- 
passes them  when  in  the  block. 

There  are  also  two  machines  for  miking  what  are  denomi- 
nated dead  eyes,  which  are  very  ingenious  and  complete.  The 
whole  number  of  machines  here  employed  is  47.  To  describe 
them  minutely  would  require  a  volume.  A  good  account  of 
them,  illustrated  by  excellent  engravings,  may  be  seen  in  Rees's 
New  Cyclopadiay  art  Machinbry. 

Boring  of  Cylinders,  Ordnance,  Wooden  Pipes,  Sfc,  See 
Cylinders,  Ordnance,  and  Pipes. 

BRAMAH's  MACHINE,  Bramah's  Hydrostatic  Press,  8cc. 
— ^names  which  are  now  commonly  given  to  the  contrivances  of 
Mr.  Bramah  of  Piccadilly,  by  which  he  applied  the  quaqua 
versum  pressure  of  fluids  as  a  very  powerful  agent  in  many 
kinds  of  machinery  requiring  motion  and  force.  These  con^ 
trivances  (for  which  Mr.  Bramah  took  out  a  patent  in  March 
1796)  consist  in  the  application  of  water,  or  other  dense  fluids, 
to  various  engines,  so  as,  in  some  instances,  to  cause  them  to 
act  with  immense  force ;  in  others,  to  communicate  the  motion 
and  powers  of  one  part  of  a  machine  to  some  other  part  of  the 
same  machine;  and,  lastly,  to  communicate  the  motion  and 
force  of  one  machine  to  another,  where  their  local  situations 
preclude  the  application  of  all  other  methods  of  connection* 

The  first  and  most  material  part  of  this  invention  will  be 
clearly  understood  by  an  inspection  of  fig.  4.  pi.  IX.  where  "a 
is  a  cylinder  of  iron,  or  other  materials,  sufficiently  strong,  and 
bored  perfectly  smooth  and  cylindrical ;  into  which  b  fitted  the 
piston  B,  which  must  be  made  perfectly  water-tight,  by  leather 
or  other  materials,  as  used  in  pump-making.  'Vhe  bottom  of 
the  cylinder  must  also  be  made  sufficiently  strong  with  the  other 
part  of  the  surface,  to  be  capable  of  resisting  the  greatest  force 
or  strain  that  may  at  any  time  be  required.  In  the  bottom  of 
the  cylinder  is  inserted  the  end  of  the  tube  c ;  the  aperture  of 
which  communicates  with  the  inside  of  the  cylinder,  under  the 
piston  B,  where  it  is  shut  with  the  small  valve  d,  the  same  as 
the  suction-pipe  of  a  common  pump.  The  oflier  end  of  the 
tnbe  c  communicates  with  the  small  forcing-pump  or  mjector 
£,  by  means  of  which  water  or  other  dense  fluids  can  be  forced 
or  injected  into  the  cylinder  a,  under  die  piston  b.  Now, 
suppose  the  diameter  of  the  cylinder  a  to  be  12  inches,  and  the 
diameter  of  the  piston  of  the  small  pump  or  injector  £  only 
one  quarter  of  an  inch,  the  proportion  between  the  two  surfaces 
or  ends  of  the  said  ptstont  will  be  as  1  to  2304 ;  and  supposing 
the  intermediate  space  between  them  to  be  filled  with  water  or 
other  dense  fluid  capable  of  sufficient  resistance,  the  force  of 
one  piston  will  act  on  the  other  just  in  the  above  proportion, 
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Tiz.  «6  1  is  to  2304.  Suppose  the  small  piston  in  the  injector 
to  be  forced  down  when  in  the  met  of  pumping  or  injectiiig 
weler  into  the  cylind^  a^  with  the  power  of  20  cwt.  which 
could  easily  be  done  by  the  lever  h  ;  the  piston  b  would  ihem 
be  moved  up  with  a  force  equal  to  20 cwt.  multiplied  by2S04. 
Thus  is  constructed  a  l^ydro-mechanical  engine,  whereby  ii 
weight  amounting  to  2304  tons  can  be  raised  by  a  simple  lever, 
through  equal  space,  in  much  le^s  time  than  could  be  done  by 
any  apparatus  constructed  on  die  Icnown  principles  of  me- 
chanics ;  and  it  may  be  prober  to  observe,  that  the  effect  of  all 
other  mechanical  combmations  is  counteracted  by  an  accumu- 
lated complication  of  parts,  which  renders  them  incapable  of 
being  usefully  extended  beyond  a  certain  degree ;  but  in  ma- 
chines acted  upon  or  constructed  on  this  principle  every  diffi- 
culty of  this  kind  is  obviated,  and  their  power  subject  to  bo 
finite  restraint.  To  prove  diis,  it  will  be  only  necessary  to  re- 
mark, that  the  force  of  any  machine  acting  upon  this  principle 
can  be  increased  ad  infinitum^  eidier  by  extending  the  proportion 
between  the  diameter  of  the  injector  and  the  cylinder  A^  or  by 
applying  greater  power  to  the  lever  h. 

^  Fig.  5.  represents  die  section  of  an  engine,  by  which  vwy 
wonderful  effects  may  be  produced  instantaneously  by  means  ot 
compressed  air.  a  a  is  a  cylinder,  with  die  piston  b  fitting 
s&r-dght,  in  the  same  manner  as  described  in  fig.  4.  c  is  a 
globular  vessel  made  of  copper,  iron,  or  other  strong  materials, 
capable  of  resisting  immense  force,  similar  ^  those  of  air-guns. 
D 16  a  strong  tube  of  small  bore,  in  which  is  the  stop-cock  B. 
One  of  the  ends  of  this  tuba  'communicates  with  the  cj^inder 
under  die  piston  b,  and  the  other  with  the  globe  c.  Now^ 
suppose  the  cylinder  A  to  be  the  same  diameter  as  diat  in  fig.  4. 
and  the  tube  d  equal  to  one  quarter  of  an  inch  diameter,  which 
is  the  same  as  the  injector  fig.  4. :  then,  suppose  that  air  is  in- 
jected into  the  globe  c  ^by  the  common  method),  till  it  presses 
against  the  cock  e  witti  a  force  equal  to  20  cwt.  which  can 
easily  be  done;  the  consequence  will  be,  that  when  the  cock  % 
is  opened  the  piston  b  wul  be  moved  in  the  cylinder  aa  with 
a  power  or  fi>rce  equal  to  2304  tons ;  and  it  is  obvious,  as  in  die 
case  fig.  4.  that  any  other  unlimited  degree  of  force  may  be  ae* 
quired  by  machines  or  engines  thus  constructed. 

^^  Fig.  6.  is  a  section,  merely  to  shew  how  the  power  and 
motion  of  one  machine  may,  by  means  of  fluids,  be  transferred 
or  communicated  to  another,  let  their  distance  and  local  situatieo 
be  what  they  may.  a  and  b  are  two  small  tubes,  smooth  and 
cylindrical ;  in  the  inside  of  each  of  which  is  a  piston,  made 
water  and  air-ti^ht,  as  in  figs.  4.  and  5.  cc  is  a  tube  wawyei 
under  ground^  qr  othervrise,  from  die  bottom  of  one  oylin^or  to 
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ifae  dter,  lo  fom  a  cMitDimicttion  between  diem,  notwitb- 
standiog  their  distance  be  ever  so  great;  this  tube  being  fiHed 
with  vr^ter  dr  other  flnid,  until  it  touch  the  bottom  of  the  piston ; 
Cheoy  by  depressing  the  piston  a,  ike  piston  b  will  be  raised. 
The  same  effect  will  be  produced  vice  versa :  thus  hfAU  may 
be  rangy  wheels  tuhied,  or  other  mstcliinery  put  itrvisiblj  in 
motion,  by  a  power  being  apjdied  to  eitfaer. 

**  fig.  7.  is  a  seetions,  shewing  another  inattnce  of  communis 
eating  the  action  and  force  of  one  oaachine  to  another ;  and  bow 
water  may  be  raised  out  of  wells  of  any  depth,  and  at  ai^ 
distance  from  the  place  where  the  operatmg  power  is  applied* 
A  is  a  cylinder  of  any  teqnired  diraensiote,  in  which  is  the 
workii^  piston  b,  as  in  flie  forgoing  etamples :  into  the  bottom 
of  this  cylinder  is  inserted  the  tube  c,  which  may  be  of  less 
bore  than  the  cylinder  a«  This  tube  is  continued,  in  any  re^ 
mired  direction,  down  to  the  pump  cylinder  n,  supposed  to  be 
fixed  in  the  4)eep  wdl  eb,  and  forms  a  juncdon  therewith  above 
tbe  fHston  F ;  which  piston  has  a  rod  o,  working  through  the 
sttiffing^box,  as  is  usual  in  a  common  pump.  To  this  rod  o  b 
connected,  over  a  pulley  or  otherwise,  a  weight  h,  suflBcient  to 
overbafamce  the  weight  of  tbe  water  in  the  tube  c,  and  to  raise 
the  piston  v  when  tbe  piston  b  is  lifted :  thus,  suppose  the 
piston  B  is  drawn  up  by  its  rod^  there  will  be  a  vacuum  made 
Bi  the  pump  cylinder  ]>,  below  the  piston  r ;  this  vacuum  will 
be  filled  with  water  throng  the  suction  pipe,  by  the  pressure  of 
d^  atmosphere^  as  in  all  pumps  fixed  in  air.  llie  return  <^tbe 
pist6B  B^  by  being  pressed  downwards  in  the  cylinder  a,  wil 
make  a  stroke  of  the  pnton  in  the  pump  cylinder  n,  which  may 
be  repeated  in  the  nsual  way  by  fhe  motion  of  tbe  piston  B,  and 
the  action  of  the  water  m  the  tube  c.  The  rod  e  of  the  piston 
IB,  and  tbe  weight  h,  are  not  necessary  in  wells  of  a  depth  where 
the  atmosphere  will  overbalance  the  water  in  the  soction  of  the 
pump  cylinder  d,  and  that  in  the  tube  c.  Tbe  snrall  tube  and 
cock  in  Uie  cistern  i  are  for  the  purpose  of  charging  the  tube  c" 

By  these  B|eans  it  is  obvious  most  commodious  machines 
<»f  prodigious  powevyfor  tearing  up  trees,  tec.  and  susceptibk 
of  tbe  ^^reatest  storengtb,  may  r^Mlily  be  formed.  II  the  same 
mnltiplicaticm  of  power  be  attempted  by  toothed  wheels,  pi- 
inoBS>  and  racks,  it  is  scarcely  possiUe  to  give  strength  enou^ 
to  the  teeth  of  the  racks,  and  the  aoachine  becomes  very  cuA^ 
bersome  and  of  great  expence«  But  Mr.  Bramah's  machine 
jDay  be  made  atmndantly  strong  in  very  small  compass.  It 
4aif  requires  very  accurate  execution.  Mr.  &amah,  how^ 
eve^  vtas  greatly  mistaken  when  he  p»Uisl»d  il  as  the  discovery 
of  a  new  nseehanic  power.  Tbe  principle  on  which  it  de- 
pends has  been  well  known  for  nearly  two  centuries;  and  it  is 
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matter  of  surprise  that  it  has  never  before  been  applied  to  any 
useful  practical  purpose. 

CAMEL  is  the  name  given  to  a  machine  employed  by  the 
Dutch  for  carrying  vessels  heavily  laden  over  the  sand-banks,  in 
the  Zuyder-Zee.  In  that  sea,  opposite  to  the  moudi  of  the 
river  Y,  about  six  miles  from  the  city  of  Amsterdam,  there  are 
two  sand-banks,  between  which  is  a  passage  called  the  Pampus, 
sufficiently  deep  for  small  vessels,  but  not  for  those  which  are 
large  and  heavily  laden.  On  this  account  ships  which  are  out- 
ward bound  take  in  before  the  city  only  a  small  part  of  their 
cargo,  receiving  the  rest  when  they  have  got  through  the  Pam- 
pus.  And  those  that  are  homeward  bound  must,  in  a  great 
measure,  unload  before  they  enter  it  For  this  reason  the  goods 
are  put  into  lighters,  and  in  these  transported  to  the  warehouses 
of  the  merchants  in  the  city ;  and  the  large  vessels  are  then 
made  fast  to  boats,  by  means  of  ropes,  and  in  that  manner 
towed  through  the  passage  to  their  stations. 

Though  measures  were  adopted  so  early  as  the  middle  of  Ae 
sixteenth  century,  by  forbidding  ballast  to  be  thrown  into  the 
Pampus,  to  prevent  the  further  accumulation  of  sand  in  tfiis 
passage,  that  inconvenience  increased  so  much  from  other  causes 
as  to  occasion  still  greater  obstruction  to  trade ;  and  it  at  length 
became  impossible  for  ships  of  war,  and  others  heavily  laden,  to 
get  through  it.  About  the  year  1672  no  other  remedy  was 
known  than  that  of  making  fast  to  the  bottoms  of  ships  large 
chests  filled  with  water,  which  was  afterwards  pumped  out ;  so 
that  the  ships  were  buoyed  up,  and  rendered  sufficiently  light  to 
pass  the  shallow.  By  this  method,  which  was  attended  with 
the  utmost  difficulty,  the  Dutch  carried  out  their  numerous  fleet 
to  seain  the  abovementioned  year.  This  plan,  however,  gave 
rise  soon  after  to  the  invention  of  the  camel,  by  which  the 
labour  was  rendered  easier. 

The  camel  consists  of  two  half  ships,  constructed  in  such 
a  manner  that  they  can  be  applied  below  water,  on  each  side  of 
the  hull  of  a  large  vessel.  On  the  deck  of  each  part  of  the 
camel  are  a  great  many  horizontal  windlasses,  from  whidb  ropes 
proceed  through  apertures  in  the  one  half,  and,  being  carried 
under  the  keel  of  the  vessel,  enter  similar  apertures  in  the 
other,  from  which  they  are  conveyed  to  the  windlasses  on  its 
deck.  When  they  are  to  be  used,  as  much  water  as  may  be 
necessary  b  suffered  to  run  into  them  ;  all  the  ropes  are  cast 
loose,  the  vessel  is  conducted  between  them,  and  large  beams 
are  placed  horizontally  through  the  port-holes  of  the  vessel, 
with  their  ends  resting  on  the  camel  on  each  side.  When  die 
ropes  are  made  fast;  so  that  the  ship  b  secured  between  the  two 


Digitized  by 


Google 


Ouk  Manufactory.  1S5 

parts  of  the  camel,  the  water  is  pumped  from  them;  by  which 
means  they  rise,  and  raise  die  ship  along  with  them.  Each' 
half  of  the  camel  b  often  about  127  feet  in  length ;  the  breadth 
at  one  end  is  S2y  and  at  the  other  13.  The  hold  is  divided 
mto  several  compartments,  that  the  machuie  may  be  kept  in 
equilibrio  while  the  water  is  flowing  into  it.  An  East  India 
ship  that  draws  15  feet  of  water  can,  by  the  help  of  the 
camel,  be  made  to  draw  only  1 1 ;  and  the  heaviest  ships  of  war, 
of  90  or  100  guns,  can  be  so  lightened  as  to  pass,  without  ob- 
struction, all  the  sand-banks  of  the  Zuyder-Zee. 

Leupold,  in  chap.  6.  of  his  Thealrum  Machinarum,  published 
in  1725,  at  Leipsick,  describes  this  machine  under  the  head 
Beschreibung  aer  se  genannten  Camele  zu  Amsterdam,  womit 
die  befrachtenSchiffeuber  dem  Pampas  gehracht  werden,  and 
,says  it  was  invented  by  Cornelius  Meyer,  a  Dutch  engineer. 
But  the  Dutch  writers  almost  unanimously  ascribe  this  inven- 
tion^ to  a  citizen  of  Amsterdam,  called  Meuves  Meindertszoon 
Bakker. 

Ab  ships  built  in  the  Neiva  cannot  be  conveyed  into  harbour, 
on  account  of  the  sand-banks  formed  by  the  current  of  that 
river,  camels  are  employed  also  by  the  Russians,  to  carry  ships 
over  these  shoals :  and  they  have  them  of  various  sizes.  Bernoulli 
^aw  one,  each  half  of  which  was  217  feet  long,  and  36  broad. 
Camels  are  used  likewise  at  Venice.  An  engraving  of  the  camel 
may  be  seen  in  L'Art  de  baier  les  Faisseaux,  Amsterdam,  1719, 
4to.  vol.ii.  p.  93. 

CANALS,  motion  of  water  in.    See  Stream. 

CAPSTAN,  a  large  massy  column,  shaped  like  a  truncated 
jCQue,  placed  perpendicularly  on  the  deck  of  a  ship,  and  turned 
by  levers  or  bars,  which  pass  through  holes  pierced  in  its  upper 
extremity;  serving,  by  means  of  a  cable  which  winds  rouna  the 
barrel,  to  draw  up  burdens  fastened  to  the.  end  of  the  cable. 
The  power  of  this  machine  in  its  simplest  state  is  manifestly 
reducible  to  that  of  the  axis  in  peritrochio.  There  is  frequently 
attached  to  it  a  tackle  of  pulleys,  but  the  ingenious  contrivance 
described  in  art.  4.  of  the  introductory  part  of  this  volume  b 
far  preferable. 

CASKS,  manufactory  of.  This  is  now  much  facilitated  by 
means  of  the  machinery  for  the  invention  of  which  Messrs. 
Plaskete  and  Brown  took  out  a  patent  in  March  1811. 

The  machinery  described  in  the  specification  of  this  patent 
is  of  the  various  kinds  following,  according  to  the-work  which 
it  is  intended  to  execute. 

First — ^The  machinery  for  cutting  out  the  stave,  consists  of  a 
irtout  bench,  having  a  board  or  platform  annexed  to  it,  capable 
of  being  moved  endways,  to  which  another  board  is  connected^ 
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so  arranged  as  to  be  noved  across  it  afeadily  bj  racks  aid 
piniousy  or  screws.  This  last  board  has  a  hollow  part  made  in 
It,  in  which  the  stave»board  maj  be  laid^  so  that  one  edge  of  it 
may  project  clear  be^nd  the  ed^e  of  the  first  raenUoDod 
board:  a  circular  saw  is  placed  either  above  or  below  tke 
bench,  having  its  axis  at  right  aisles  to  the  line  of  motion  of 
the  first  mentioned  boards  smd  opposed  to  the  direction  of  Am 
course  of  the  projectii^^  part  of  the  stave-board :  this  circular 
saw  is  made  flat,  when  straight  edged  staves  are  to  be  cat,  and 
is  dished,  or  of  a  spherical  shape,  when  slaves  with  curved  edges 
are  wanted. 

The  board  first  mentioned  ia  moved  either  in  a  r^t  Kne,  or 
is  made  to  assume  a  curved  course  by  being  confined  in  its 
motion  by  curved  grooves,  or  bj  curved  rods  movii^  against 
pins;  and  by  the  proper  management  oi  diese  sfiding-boardsy 
the  stave*board  is  cnt  by  the  circular  saw  of  the  shape  desired. 

The  madiinery  next  ua^d  consists  of  a  large  latke^  in  which 
the  cask  is  turned  in  a  vertical  position  when  it  is  of  a  large 
size,  (after  it  is  formed  in  the  usual  manner  from  the  rtaves 
prepared  as  above  described)  being  either  fixed  in  a  great 
chuck  placed  beneath  it,  or  in  a  cyHadrical  cage,  which  sur- 
roonck  it,  fixed  upon  a  strong  upright  arbor,  and  revolving 
between  collars,  where  it  serves  the  office  of  a  oumdriL  In 
this  lathe  the  chime  and  groove  for  receiving  the  head  are 
turned  in  the  cask  by  the  application  of  a  proper  tooL  When 
the  cask  is  smaU,  the  c^e  is  made  to  turn  in  a  horizontal  por- 
tion, instead  of  revolving  vertically* 

The  third  operation  is  to  form  the  head,  which  is  pinned 
together  as  usual,  after  having  die  pi»-holes  made  by  piercers^ 
profecting  from  the  mandril  of  a  lathe;  the  distances  and 
depth  of  which  holes  are  correct^  regulated  by  gac^s;  it  is 
then  turned  on  a  flat  revolving  table,  fironi'  which  points  pro> 
ject  to  hold  it  fiist,  and  against  which  it  is  htld  by  another 
revolving  piece,  that  is  screwed  towards  the  first,  where  it  is 
brought  to  the  proper  size  of  the  cask  by  fit  teolsL 

The  fourth  operation  is  to  turn  the  whole  cask  at  the  outside; 
for  which  purpose  it  is  placed  in  a  large  lathe  between  two 
chucks,  made  to  fit  into  me  chimes,  and  attached  to  the  head 
by  points:  and  then  the  surface  of  the  cask  is  turned  smooth  by 
a  spoke-shave,  or  other  fit  instrument,  held  against  it  by  a  rest 
properly  placed  for  the  purpose. 

The  patentees  bend  the  wooden  hoops  for  their  casks  in  a 
more  expeditious  manner,  by  fastening  one  end  of  them  to  the 
circumference  of  a  wheel,  and  pressing  them  against  the  wheel 
as  it  is  turned  round :  they  alao  descnbe  a  m^od  of  farming 
the  projecting  part  in  the  bung-staves  of  the  smdtcaska^  called 
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bottlesi  bj  flat  or  <xwcaYe  circular  saws,  which  cut  Ibe  face  of 
the  atave  ob  each  side  close  op  to  die  projection:  and  lastly^ 
they  sUte,  that  in  giviDg  motion  to  their  machinery  they  use  any 
of  the  usual  first  movers  and  mill-work,  »  may  be  necessary. 
(Retmsptct,  No.  91.) 

CELLAR  CRANBy  a  roacluoe  represented  in  fig.  6.  pL  VL; 
nnd  b  very  useful  to  wine^merchants,  brewers^  8tc.  in  drawing 
up  and  leltii^  down  casks  full  of  wine,  beer,  &g«  '  It  saves  the 
tfXMtble  and  incoavenieoce  of  horses,  and  in  many  places  can  be 
used  where  horses  could  not.  aa  are  two  wooden  props,  about 
6  feet  in  height,  and  jointed  together  like  a  mler  at  b.  They 
are  connected  to  each  other  by  an  iron  round  bar  c,  and  wooden 
bar  at  the  bottom  n.  The  iron  prongs  EC  fasten  the  uprights 
steadily  to  the  edge  of  the  ceUar;  f  is  the  axis  round  whK^h  twn 
ropes  are  coiled,  the  ends  of  wlodi  are  fastened  to  the  two 
damps  GO,  On  the  axis  f  b  fixed  the  iron  wheel  n,  of  3  Cnt 
IB  diameter :  in  the  teeth  of  this  works  the  pinion  i,  of  about  6 
Of  7  inches  in  cbameter,  and  is  turned  by  the  handle  at  K. 

It  is  evident,  by  a  bare  inspection  of  the  figure,  that  when  the 
two  ropes  are  slifyt  over  the  ends  upon  the  barrel,  either  at  the 
top  OT  bottom  of  the  cellar,  by  turning  of  the  winch  k  towards 
M*  firom  the  operator,  the  barrel  can  be  safely  and  expeditiously 
taken  out  or  lowered  down.  When  'the  crane  is  dooe  wttb  it 
shuts  up,  by  unscrewing  tlie  nutu,  taking  the  wheel  and  axis  away 
ont  of  the  loops  at  l,  and  folding  the  sides  at  a  together,  Cke  a 
jointed  rule  ^  it  may  then  be  taken  away  in  the  cart  or  dray,  or 
taken  in  the  men's  hands. 

C£NTRIFUGAL  pump,  a  very  catioos  machine,  invented 
by  Mr.  Erskine,  for  raising  water  by  means  of  a  centrifiogal 
force  combined  with  the  pressure  of  the  atmosphere,  it  con- 
sists of  a  hi^e  tobe  of  eonper,  &c.  in  the  form  of  a  cross^ 
whsch  is  placed  perpendicularly  in  the  water,  and  rests  at  the 
bottom  on  a  pivow  At  the  iqpper  part  of  the  tube  is  an  bori- 
zontal  cog-wheel,  which  toocbea  the  cogs  of  another  in  a  vertiod 
pofficioB ;  so  that  by  ifae  help  of  a  double  winch  the  whole  ma* 
cUne  is  moved  round  with  very  great  velocity.  Near  the  bottom 
of  the  perpendieuhir  part  of  the  tube  b  a  valve  opening  imk 
wards;  and  near  the  two  extremities,  bat  on  the  contrary  side 
of  die  arms  or  csoss  pari  of  the  tube,  are  two  other  vaWds 
opening  outwards.  These  two  valves  are,  by  the  assistance  of 
springs,  kept  shut  till  the  machine  is  put  in  motion^  when  the 
centrifiigal  velocity  of  the  water  forces  them  open,  and  dis- 
charges itself  into  a  cistern  or  reservoir  placed  there  for  that 
purpose*  On  the  upper  part  of  the  arma  are  two  holes,  which 
are  doaed  by  pieces  screwed  into  the.  metal  of  the  tube.  Befioi^ 
the  naackine  can  woris,  those  holes   mnst   be  openec^  and 
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iivaier  poof^d  in' through  them,  till  the  whole  tabe  be  full;  by 
^lese  means  all  the  air  will  be  forced  out  of  the  machine,  and  the 
water  supported  in  the  tube  by  means  of  the  valve  at  the  bottom. 
The  tube  being  thus  filled  with  water,  and  the  holes  dosed 
by  the  screw-caps,  it  is  turned  round  by  means  of  the  winch, 
when  the  water  in  the  arms  of  the  tube  acquires  a  centrifugal 
force,  opens  the  valves  near  the  extremities  of  the  arms,  and  fl^ 
out  with  a  velocity  nearly  equal  to  that  of  the  extremities  of  the 
said  arms.  The  theory  of  this  pump  may  be  seen  in  arts*  537, 
S3S,  of  Qur  first  volume. 

CHIMNEY  CLEANSING  MACHINES  have  been  lately  in- 
vented, in  order,  as  far  as  possible,  to  diminbh  the  number  of 
infant  victims  of  a  filthy  and  disgusting  operation,  performed 
under  the  inspection  of  unfeeling  masters.  Those  who  have 
long  viewed  the  wretchedness  to  which  many  of  the  children 
are  exposed  who  are  still  employed  in  climbing  chimneys,  will 
be  happy  to  hear  of  any  contrivances  which  have  a  tendency  to 
lessen  their  sufferings :  we  therefore  mention  here  two  machines 
which  have  been  devised  for  the  purpose  of  sweeping  chimneys ; 
ekAer  of  which  may,  we  doubt  not,  be  made  use  of  with  con* 
idderable  success. 

The  first  is  that  invented  by  Mr.  George  Smart,  of  Ordnance- 
wharf,  Westminster-bridge.  Its  principal  parts  are  the  brush, 
the  rods  for  raising  the  brush,  and  the  cord  for  connecting  the 
mhole  together.  The  brush  consists  of  four  fau-shap^  or 
wing-like  portions,  which  are  hung  upon  hinges,  in  order  that 
in  ascending  the  chimney  the  brush  may  take  up  as  little  space 
as  possible,  and  in  descending  may  spread  out  and  sweep  the 
sides  of  the  flue:  this  brush  is  prevented  from  falling  down  into 
its  contracted  form  by  a  contrivance  exactly  like  that  which  is 
made  use  of  for  umbrellas.  The  substance  made  use  of  in  general 
for  the  brush  is  what  is  called  whisk.  The  rods  are  hollow  tubes, 
witli  a  metal  socket  at  the  lower  end ;  some  of  the  sockets  have 
screws  in  them,  for  the  purpose  of  confining  the  cord,  and 
prevent'mg  the  rods  from  separating.  The  upper  ends  of  the 
rods  are  now  made  without  ferrules,  aud  are  rather  tapered, 
which  allows  of  a  small  motion  within  the  sockets.  £ach  rod  is 
about  2i  feet  long.  The  cord  runs  from  the  top  of  the  brush 
through  all  die  rods,  and  when  drawn  tight  keeps  the  whole  of 
the  machine  together.  - 

Method  of'  using  the  machine.  Having  first  ascertained,  by 
looking  up  the  chimney,  what  course  the  flue  immediately  takes, 
the  cloth  is  then  to  be  fixed  before  the  fire-place,  with  the 
horizontal  bar,  and  the  sides  to  be  closed  with  two  upright 
bars*  The  next  part  of  the  operation  b  to  introduce,  through 
the  opening  in  the  cloth,  the  brush  in  its  contracted  form:  this 
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opening  is  then  to  be  buttoned  or  tied  ap»  to  prevent  the  soot 
coming  into  the  apartments ;  then  one  of  die  rods  is  to  be  passed 
ap  the  cord  into  the  socket,  on  the  lower  end  of  the  rod  which 
supports  the  brush ;  the  other  rods  are  in  like  manner,  one  bj 
one  in  succession,  to  be  brought  up,  until  the  brush  b  raised 
somewhat  above  the  top  of  the  chimney,  observing  to  keep  the 
cord  constantly  tight ;  and  when  those  rods  which  have  a  screw 
io  the  socket  are  brought  up  they  are  to  be  placed  on  the  pur- 
chase, when  the  cord  is  to  be  put  round  the  pulley  and  drawn 
very  tight,  and  screwed  down,  by  which  all  the  rods  above  will 
be  firmly  connected  together,  and  the  whole  may  be  considered 
one  long  flexible  rod. 

When  the  operator  thinks  that  the  brush  is  near  the  top  of 
die  chimney  he  should  move  it  up  and  down,  as  he  will  then 
find  the  brush,  if  out,  stop,  in  returning,  on  the  top  of  the  pot 
or  chimney. 

When  it  is  known  to  be  out,  the  machine  is  to  be  pulled 
down:  in  doing  which  the  edges  of  the  brush,  striking  against 
the  top  of  the  chimney,  will  cause  it  to  expand ;  and  there 
being  a  spring  to  prevent  its  contracting  again,  it  will  sweep 
the  soot  down  before  it:  the  whisk  being  long  and  elastic, 
makes  the  brush  capable  of  filling  flues  of  different  diameters. 
In  drawing  down  the  machine  the  person  should  grasp  with  his 
left  hand  the  rod  immediately  above  that  which  he  is  separating 
with  his  right  hand,  otherwise  he  may  chance  to  have  those 
above  loosen  and  slide  down  the  cord,  which  will  render  th(3 
operation  unpleasant  and  difficult:  the  rods,  as  they  are  brought 
down,  are  to  be  laich  carefully  one  by  one  in  as  small  a  compass 
as  they  conveniently  can  be,  that  they  may  not  dirt  the  apart* 
ments:  with  a  little  attention  they  may  be  placed  like  a  bundle 
of  sticks,  side  by  side,  in  very  little  compass.  When  the  brush 
is  quite  down  it  is  to  be  shaken  withinside  the  cloth,  then  the 
spring  must  be  pushed  in,  and  the  brush  which  was  expanded 
will  flap  down  into  the  state  in  which  it  went  up. 

If,  as  sometimes  happens,  there  is  any  difficulty  found  in 
drawing  the  brush  into  the  upper  part  of  the  chimney,  the  rods 
must  be  thrust  up  again  some  what  higher,  in  order  to  alter  the 
direction,  then  carefully  drawn  down.  It  will  be  proper  to  let 
the  cloth  remain  a  short  time  up  (where  great  cleanliness  is 
required],  in  order  to  let  the  finer  particles  of  soot  subside 
within  it. 

For  extinguishing  a  chimney  on  fire  a  coarse  cloth  is  to  be 
tied  over  the  brush  and  dipped  into  water,  then  passed  up  as 
above  directed. 

It  is  now  more  than  ten  years  since  this  machine  was  invented, 
and  its  use  has  been  attended  with  very  considerable  success; 
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iof  it  abpears  tbet  there  i»  scarcely  one  chiomey  10  a  huiijdM  in 
the  vicinity  of  the  metropolis  but  what  amy  be  properly  awept 
by  It.  The  following  persons  have  tmdertdkea  to  sweep 
cfainuieys  with  Mr*  Smart's  machines,  at  the  usual  prices  :«**^ 
Thomas  Badger^  cbmNiey-sweepery  No.  2^  Whalebone-court> 
opposite  Token-hottse-yard,  Great-bell-alley,  Coleman-streeU— ^ 
Jmn  Bedford,  chinmey-sweeper,  56,  Swallow-street,  Piec»* 
diUy. — Thomas  MurksSp  chimney-sweeper,  BelUyard,  near  the 
bridge,  Hackney  .^ — Richard  Page,  chimney-sweeper,  23,  Colo** 
made,  near  Gtiildford-«treel^Foundling-bo8|ntaL — George  Smart, 
15,  Greafe-beU-alley,  Cc^emad-street ;  and  at  his  timber-yard, 
Pratt's-place,  Camden-town ;  and  at  Ordnance-wharf,  West* 
imnster-bridge. — Thomds  Taylor,  9$  Welb-street,  Oxford-road. 
— George  Turner  and  James  Laverf  Walthamstow.— rAomfl* 
Wood,  36,  Poland-street,  Oxford-road. 

Another  machine  for  the  same  benevolent  purpose  was  in* 
teilted  by  Mr.  J.  C  HornUower.  Tbe  apparatus  is  simply 
this :  a  vessel  into  whifcb  air  is  condenaed  communicates  with  a 
tube  charged  with  smalt  gravel,  which  being  bbwn  up  dw 
clttmney  brings  down  the  soot. 

The  body  of  the  machine  is  made  of  copper,  of  about  3 
pounds  to  the  square  foot,  and  its  capacity  is  about  three  cy* 
widrical  feet,  lu  the  mid<Ue  of  the  covei,  which  is  soldered 
on,  is  a  syringe  or  condenser,  having  its  handle  above  the  cover* 
On  one  side  of  the  cover  is  inserted  a  crooked  pipe,  having  a 
ynive  opening  inward  in  its  inner  or  lower  end,  the  stem  of 
which  comes  up  through  tbe  pipe,  and  terminates  with  a  buttoffb 
The  |Hpe  is  continued  by  a  flexible  leather  one,  to  which  is 
united  a  tube  of  tin  plate.  This  latter  tube  has  a  cross  bar  of 
tin  plate  fixed  edgewise  in  the  bottom  or  breach  of  the  tube 
v^hich  detaches  from  tbe  leather  pipe,  somewhat  like  a  pistil 
barrel,  leaving  a  piece  of  tube  about  six  inches  renuiining  to 
the  leather  pipe,  into  the  bottom  of  which  this  case  bar  is  fixed, 
and  serves  to  receive  a  charge  of  small  gravel,  having  a  piece  of 
paper  first  laid  on  tbe  crossbar ;  the  other  part  of  the  tube  is 
then  to  be  replaced,  and  the  air-vessel  supposed  to  be  full,  tbe 
valve  is  pressed  down  by  a  little  lever  accompanying  the  ma* 
chine,  and  its  contents  are  discharged  into  the  shaft  of  tbe 
chimney ;  and  if  there  is  any  such  quamtity  of  soot  as  realty 
needs  »weeping  away,  it  will  come  down. 

The  vessel  contains  nearly  three  cylindrical  feet,  and  we  can 
crowd  three  atmospheres  of  air  into  it,  io  which  case  there  will 
be  42lbs«  per  inch  sq/tiaxe,  in  round  numbers,  presaing  against 
the  charge  in  the  tube,  or  rather  against  the  valve,  the  txAt 
being  2|  inches  diameter,  which  amounta  to  1^8  14m.  for  the 
whole  area.    This  ait  will  all  be  disjJiarged  in*  one  second^  tbe 
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mean  velocity  of  which  my  be  fairly  reckoned  at  50  feet,  in 
that  time  having  impetus  in  itself  sufficient  to  carry  away  any 
soot  of  consequence  in  a  chipiney  of  100  feet  high ;  but  when 
we  take  into  the  account  the  charge  of  grayel,  being  alternately 
incident  and  reflected  on  all  sides  of  the  chimney,  we  need  not 
fear  to  affirm  that  it  is  perfectly  applicable  to  its  intention. 

To  render  it  as  universal  as  possible  there  must  be  another 
tube,  to  be  occasionally  used,  when  the  side  of  the  chimney 
near  the  fireplace  is  gadiered  over,  in  order  to  brine  the  throat 
of  the  flue  over  the  fire:  or  it  should  be  in  several  pieces,  to 
conform  to  the  height  of  this  gathering,  and  in  this  case  die 
charge  must  be  at  the  upper  fissure,  and  the  pipe  stayed  as 
perpendicularly  as  can  be  conveniently  done;  for  which  purpose 
there  is  a  piece  made  to  fix  on  the  pipe,  having  two  stems, 
which,  if  pat  in  the  bearing  side  of  the  pipe,  will  keep  it 
upright  and  in  the  crater  of  the  flue.  The  machine,  thus  con- 
structed, is  to  be  laid  on  a  little  truck,  and  transported  from 
house  to  house,  with  a  gallon  of  gravel  to  begin  with ;  because^ 
nntit  it  has  obtained  the  good  opinion  of  the  public,  it  would 
not  be  necessary  to  attempt  such  regulations  as  would  after- 
wards be  deemed  requisite  to  facilitate  the  operation. 

The  inventor  of  this  condensing  machine,  in  a  letter  on  the 
subject  in  Nicholson's  Journal,  N.  S.  No.  28,  has  made  some 
ingenious  observations  on  the  peculiarity  of  its  construction, 
and  what  he  thinks  its  advanti^es,  compared  with  the  machine 

Ereviously  described  in  this  article, — **  One  circumstance,*'  says 
e,  **  presento  itself,  by  which  the  air  machine  must  have  a 
decided  preference  over  tl|e  brushes ;  which  is  this,  you  must 
know  the  height  of  the  chimney,  and  adapt  the  length  of  the 
vods  to  that  height,  or  else  you  will  not  know  when  you  are  in 
the  flue  or  out  of  it.  Whereas,  my  machine  knows  no  necessity 
fer  such  a  punctilio ;  all  that  is  necessary  being  only  to  give  so 
many  shocks  of  the  condenser  to  a  chimney  of  two  stories,  and 
0O  many  to  one  of  three,  and  so  on.  And  again,  these  brushes 
in  the  very  outset  of  trial  made  with  them  are  subject  to  acci- 
dents, and  will  most  assuredly  wear  out  very  fast  What  must 
become  of  those  whalebone  rods  when  die  sewing  is  rubbed 
Arough  in  passing  up  and  down  against  the  projections  of  un- 
ceremonious bricks  and  mortar?  What  repairs  will  they  not  be 
subject  to  in  the  course  of  one  day's  action  ?  Whereas  the  air 
machine  will  sweep  a  hundred  chimneys,  and  be  repaired  for 
two-pence  ;  it  wanting  only  a  little  oil  in  the  condenser." 

Our  readers  will  decide  for  themselves,  from  the  preceding 
descriptions,  which  contrivance  deserves  the  preference.  We 
are  gratified  in  having  an  opportunity  of  speaking  of  both, 
deenung  that  ja  laudable  endeavour  which  is  intended  to  recom- 
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mend  to  the  public  the  use  of  one  or  other  of  two  machines 
well  calculated  for  the  purpose  of  performing  a  most  disagree-' 
able  and  sometimes  dangerous  operation ;  thereby  relieving  a 
degraded  class  of  our  species  from  very  inhuman  treatmeot^ 
and  restoring  them  to  their  rank  in  civil  society. 

CHUCK,  UNIVBRSAf..     See  TURNING. 

CHURN,  a  well-known  vessel  in  which  butter,  by  long  and 
violent  agitation,  is  separated  from  the  serous  part  of  the  milk« 

The  inferiority  of  the  churns  in  common  use  has  induced 
several  ingenious  mechanics  to  exert  their  skill  in  contriving 
others  that  would  render  the  process  of  making  butter  less 
tedious  and  expensive.  Of  these,  one  of  the  roost  valuable  b 
Mr.  William  Bowler's  improved  churn,  with  which  the  Society 
for  the  Encouragement  of  Arts,  &c.  were  so  well  satbfied  as  to 
present  the  inventor  with  thirty  guineas.  As  it  renders  die 
operation  of  churning  far  less  fatiguing ;  and  has,  besides,  some 
peculiar  advantages,  we  shall  subjoin  a  description. 

This  churn  is  of  the  barrel  kind,  being  a  cylinder  18  inches 
in  diameter,  and  9  wide ;  the  sides  are  of  wood,  and  the  rim  a 
tin  plate,  which  has  two  openings,  one  8  J  inches  in  length,  and 
4  in  width,  through  which  the  cream  is  poured  into  the  chum, 
and  the  hand  introduced  for  cleaning  it;  the  other  a  short 
pipe,  one  inch  in  diameter,  by  which  the  butter-milk  runs  out  of 
the  churn  when  the  operation  is  finished.  The  first  of  these 
openings  has  a  wooden  cover,  fastened  down  by  two  screws; 
and  the  other  a  cork  fitted  to  it,  while  the  butter  is  churning. 
There  is  further,  near  the  larger  opening,  a  small  vent-hole  widi 
a  peg,  to  admit  the  passage  of  any  air  that  may  be  discharged 
from  the  cream  at  the  beginning  of  the  operation.  An  axle  also 
through  the  chum,  terminating  in  two  gudgeons,  on  which  it 
passes  hangs;  its  lower  part  being  immersed  in  a  trough,  in  order 
to  hold  occasionally  either  hot  or  cold  water,  according  to  the 
season  of  the  year.  On  the  inside  of  the  rim  are  four  project- 
ing pieces  of  wood,  with  holes,  serving  to  agitate  the  cream  by 
the  motion  of  the  chum.  The  movement  is  caused  by  a  pen- 
dulum 3  feet  6  inches  long,  that  has  an  iron  bob  weighing  lOlbs^. 
and  at  its  upper  end  a  tuming  pulley  10  inches  in  diameter,  from 
which  a  rope  goes  twice  round  another  pulley  about  3  inches 
in  diameter  fixed  on  the  axis  of  the  chum,  which  it  causes  to 
make  a  partial  revolution  by  each  vibration  of  the  pendulum. 

There  are  likewise  sliding  covers  to  the  machinery,  and  an- 
other to  the  water  trough;  in  order,  when  hot  water  is  used,  to 
secure  the  steam,  and  keep  the  cream  in  a  proper  degree  of 
warmth.  The  motion  of  the  pendulum  is  given,  and  continued, 
by  means  of  a.  wooden  rod  about  3  feet  9  inches  in  length,  which 
turns  on  a  pin  3  inches  above  the  bob  of  the  pendukun.    If 
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there  be  a  transverse  handle  at  the  upper  end  of  this  wooden 
rod  a  boy  may  give  motion  to  the  chum  with  great  facility, 
even  while  sitting;  the  action  being  then  much  like  that  of 
rowing,  one  of  the  most  advantageous  methods  of  applying 
human  force. 

AAy  fig.  8,  pL  XII.  is  the  body,  b,  an  opening  by  which  the 
cream  is  put  in.  c,  the  cover  of  the  large  opening:  the  small 
hole  on  the  opposite  side  of  the  chum  cannot  be  shewn  in  this 
▼iew.  D;  the  gudgeon  on  which  the  body  of  the  chum  hangs* 
s,  the  upper  or  larger  pulley,  f,  the  smaller  pulley  fixed  on  tibe 
axis  or  gudgeon  of  the  churn.  GG^  the  rod  of  the  pendulum 
hanging  from  the  upper  pulley  e.  h,  the  bob  of  the  pendulum. 
II,  the  handle,  moveable  on  a  pin  at  a,  by  which  the  pendulum 
is  moved  to  and  fro,  makmg  a  traverse  in  form  of  the  dotted 
Ibe  KK.  L,  the  trough  for  the  hot  or  cold  water,  m,  a  pro- 
jecting piece  of  wood,  with  a  shoulder,  by  which  the  handle  i  is 
supported  when  the  chura  is  not  at  work. 

CIX)CK,  a  machine  now  constructed  in  such  a  manner,  and 
so  regulated  by  the  uniform  motion  of  a  pendulum,  as  to  mea- 
sure time,  and  all  its  subdivisions,  with  great  exactness.  Before 
the  invention  of  the  pendulum,  a  balance,  not  unlike  the  fly  of  a 
kitchen-jack,  was  used  instead  of  it.  Clocks  were  at  first  called 
nocturnal  dials,  to  distinguish  them  from  sun*diak,  which  shewed 
the  hour  by  the  shadow  of  the  sun. 

The  invention  of  clocks  with  wheels  is  ascribed  to  Pacificus, 
archdeacon  of  Verona,  in  the  9th  century,  on  the  credit  of  an 
epitaph  quoted  by  Ughelli,  and  borrowed  by  him  from  Pan- 
vmius.  Others  attribute  the  invention  to  Boethius,  about  the 
year  510. 

Mr.  Derham,  however,  makes  clock-work  of  a  much  older 
date;  ranking  Archimedes's  sphere,  mentioned  by  Claudian,  and 
that  of  Posidonius,  mentioned  by  Cicero,  among  machines  of 
this  kind:  not  that  either  their  form  or  use  was  the  same  with 
those  of  ours,  but  that  they  had  their  motion  from  some  hiddea 
weights  or  springs,  with  wheels  or  pulleys,  or  some  such  clock- 
work principle; 

In  the  Disquisitiones  Monastics  of  Benedictus  Haeften, 
published  in  the  year  164<4,  he  says,  that  clocks  were  invented 
by  Silvester  the  4th,  a  monk  of  his  order,  about  the  year  998,  as 
Dithmams  and  Bozius  have  shewn ;  for  before  that  time  they 
had  nothing  but  sun-dials  and  clepsydrae  to  shew  the  hour. — 
Conrade  Gesner,  in  his  Epitome,  page  604,  says,  that  Richard 
Wallingford,  an  English  abbot  of  St.  Albans,  who  flourished 
in  the  year  1 326,  made  a  wonderful  clock  by  a  most  excellent  art, 
the  like  of  which  could  not  be  produced  by  all  Europe. — Moreri, 
under  the  word  UoroJoge  du  Palais,  says,  that  Charles  the  Fifth, 
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called  the  wife  king  of  France,  ordered  at  Paris  the  finft  large 
clock  to  be  made  by  Henry  de  Vie,  whom  he  sent  for  fronn 
Germany,  and  set  it  upon  the  tower  of  his  palace  in  the  year 
1372.— John  Froissart,  in  his  Histoire  K  Chronique,  vol.  2, 
chap.  2S,  says,  the  duke  of  Bourgogne  had  a  clock  which 
sounded  the  hour,  taken  away  from  the  city  of  Courtray  in  the 
year  1382 :  and  the  same  thing  is  said  by  William  Paradin  ia 
his  Annals  de  Bourgogne. 

Clock-makers  were  first  introduced  into  England  in  1S68, 
when  Edward  the  Third  granted  a  licence  for  three  artists  to 
come  over  from  Delft,  in  Holland,  and  practise  their  occupation 
in  this  country. 

The  water-clocks  or  clepsydras,  and  sun-dials,  have  both  m 
much  better  claim  to  antiquity.  The  French  annals  mention 
one  of  the  former  kind,  sent  by  Aaron,  king  of  Persia,  to  Charle- 
magne, about  the  year  807,  which  it  would  seem  bore  some  re- 
semblance to  the  modem  clocks :  it  was  of  brass,  and  shewed 
the  hours  by  12  little  balls  of  the  same  metal,  which  at  the  end 
of  each  hour  fell  upon  a  bell,  and  made  a  sound.  There  were 
also  figures  of  1 2  cavaliers,  which  at  the  end  of  each  hour  came 
out  through  certain  apertures  or  windows  in  the  side  of  the 
clock,  and  shut  them  again,  fcc. 

The  invention  of  pendulum  clocks  is  owing  to  the  happy  in- 
dustry of  the  17th  century ;  and  the  honour  of  that  discovery  is 
disputed  between  Galileo  and  Huygens.  The  latter,  who  wrote 
an  excellent  volume  on  the  subject,  declares  it  was  first  put  in 
practice  in  the  year  1657,  and  the  description  of  it  printed  in 
1658.  Becher,  De  Nova  Temporis  dimetkndt  Theoria^  anno 
1680,  contends  for  Galileo;  and  relates,  though  at  second- 
hand, the  whole  history  of  the  invention;  adding,  that  one 
Trefler,  clock-maker  to  the  father  of  the  then  grand-duke  of 
Tuscany,  made  the  first  pendulum  clock  at  Florence  under  the 
direction  of  Galileo  Galilei,  a  pattern  of  which  \^  as  brought  to 
Holland.  And  the  Academy  del  Cimento  says  expressly,  that 
the  application  of  the  pendulum  to  the  movement  of  a  clock 
was  first  proposed  by  Galileo,  and  put  in  practice  by  his  son 
Vincenzo  Galilei  in  1649.  But  whoever  may  have  been  the 
Inventor,  it  is  certain  that  the  invention  never  flourished  till  it 
came  into  the  hands  of  Huygens,  who  insists  on  it  that,  if  ever 
Galileo  thought  of  such  a  thing,  he  never  brought  i^  to  any  de- 
free  of  perfection.  The  first  pendulum  clock  made  in  England 
was  in  the  year  1662,  by  one  Fromantil,  a  Dutchman. 

After  this  brief  sketch  of  the  history  of  clocks,  which  may  be 
interesting  to  some  of  our  readers,  we  shall  give  a  description  of 
a  modem  clock  according  to  the  most  approved  constmction. 
The  first  figure  of  plate  VIII.  is  a  profile  of  such  a  clock ;  v  is 
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a  Weight  which  is  suspencled  by  a  cord  that  winds  about  the 
cylinder  or  barrel  r»  which  is  fixed  upon  the  axis  a^a'y  the 
pivots  b,  bf  go  into  holes  made  in  the  plates  ts,  ts,  in  which 
they  turn  freely.  These  plates  are  made  of  brass  or  iron,  and 
are  connected  by  means  otfour  pillars,  z,  z ;  the  whole  toge- 
ther being  called  the/rame.  The  weight  p,  if  not  restrained, 
would  necessarily  turn  the  barrel  c,  with  an  uniformly  accele- 
rating motion,  in  the  same  manner  as  if  the  weight  were  falUng 
freely.  But  the  barrel  b  furnished  with  a  rachet-wheel,  k,  k, 
the  right  side  of  whose  teeth  strikes  against  the  click,  which  is 
fixed  with  a  screw  to  the  wheel  dd,  as  represented  in  fig.  2 ;  so 
that  the  action  of  the  weight  is  communicated  to  the  wheel  dd, 
die  teeth  of  which  act  upon  the  teeth  of  the  small  wheel  d,  which 
turns  upon  the  pivots  c,  c.  The  communication  or  action  of 
one  wheel  with  another  is  called  the  pitching;  a  small  wheel 
like  d  is  called  a  pinion,  and  its  teeth  are  called  leaves  of  the 
pinion.  Several  things  are  rejiuisite  to  form  a  good  pitching, 
die  advantages  of  which  are  obvious  in  all  machinery  where  teeth 
and  pinions  are  employed.  The  teeth  and  pinion-leaves  should 
be  of  a  proper  shape,  and  perfectly  equal  among  themselves : 
the  size  also  of  the  pinion  should  be  of  a  just  proportion  to  the 
wheel  acting  into  it. 

The  wheel  eb  is  fixed  upon  the  axis  of  the  pinion  d;  and  the 
motion  communicated  to  the  wheel  no  by  the  weight  is  trans- 
mitted to  die  pinion  J,  consequently  to  the  wheel  ke,  as  like- 
wise to  the  pinion  e  and  wheel  fp,  which  moves  the  pinion y^ 
upon  the  axis  of  which  the  crown  or  balance-wheel  ch  is  fixed, 
llie  pivots  of  the  piniony*play  in  holes  of  the  plates  lm,  which 
are  fixed  horizontally  to  the  plates  ts.     In  a  word,  the  motion 

ebeffun  by  the  weight  is  transmitted  from  the  wheel  oh  to  the 
dettes  IK,  and  by  means  of  the  fork  ux  rivetted  on  tlie  pa^ 
ttes,  communicates  motion  to  the  pendulum  ab,  which  is 
suspended  upon  the  hook  a.  The  pendulum  ab  describes, 
round  the  point  A,  an  arc  of  a  circle  alternately  going  and  re- 
turning. If,  then,  the  pendulum  be  once  put  in  motion  by  a 
push  of  the  hand,  the  weight  of  the  pendulum  at  b  will  make 
it  return  upon  itself,  and  it  will  continue  to  go  alternately  back- 
ward and  forward  till  the  resistance  of  the  air  upon  the  pendu- 
lum, and  the  friction  at  the  point  of  suspension  at  a,  destroys 
the  original  impressed  force.  But  as  at  every  vibration  of  the 
pendulum  the  teedi  of  the  balance-wheel  gu  act  so  upon  the 
palettes  ik  (the  pivots  upon  the  axis  of  these  palettes  play  in 
two  holes  of  the  potence  s  ^),  that  after  one  tooth  h  has  commu- 
nicated motion  to  the  palette  k,  that  tooth  escapes ;  then  the 
opposite  tonth  o  acts  upon  the  palette  1,  and  escapes  in  the 
same  manner ;  and  thus  each  toodi  of  the  wheel  escapes  the  pa- 
VOL.  u.  '     L 
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lettes  iK^after  having comHEHimcsted  thw  iMtion  to  die  paletfe^ 
in  such  a  manner  that  the  peudulant,  instead  of  bettw  stopped, 
conUnues  to  move.  The  wheel  SB  revokes  in  an  hour ;  the 
pivot  c  of  this  wheel  passes  through  the  plate,  and  is  contimied 
to  r ;  upon  the  pivot  b  a  wheel  N  n,  with  a  long  socket  fosteoed 
in  the  centre ;  upon  die  extremity  of  this  socket  r,  the  Biinute' 
hand  is  fixed.  The  wheel  nn  acts  upon  the  wheel  o;  the 
pinion  of  which  p  acts  upon  the  wheel  gg,  fixed  upon  a  socket 
which  turns  along  with  the  wheel  N*  This  whed  gg  makes  it9 
revolution  in  12  hours^  upon  the  socket  of  which  the  hour-haad. 
is  fixed. 

From  the  above  description  it  is  easj  to  See^  K  That  the 
weight  F  turns  all  the  whei^^  and  at  tke  same  time  cesitmue» 
the  motion  of  the  pendukiBK  2«  That  Ike  ^ uieknesa  of  the 
motion  of  the  wheels  is  determined  by  &at  •f  the  pendidom. 
3,  That  the  wheels  point  out  the  parta  of  tima  divided  by  lh# 
uniform  motion  of  the  pendulum. 

When  the  cord  upon  whidi  the  weight  is  suspended  b  eiH 
^rely  run  down  firom  off  die  barrel,  it  is  wound  up  again  by 
means  of  a  key,  which  goes  on  at  the  squaie  end  of  the  arbor  at 
Q,  bv  turning  it  ia  a  contrary  direcdon  from  that  in  which  tho 
weight  descends.  For  this  purpose  the  inclkied  side  of  the 
teeth  of  the  wheel  k  (fig.  2.)  removes  the  click  c,  so  that  the 
ratchet-wheel  s  turns  while  the  wheel  d  is  at  rest ;  but  as  sckmi 
as  the  cord  is  wound  up»  the  click  falls  in  between  the  teeth  of 
the  wheel  D|  and  the  right  side  of  the  teeth  again  act  upon  the 
end  of  the  click,  which  obliges  the  wheel  d  to  turn  idong  with 
the  barrel ;  and  the  spring  A  keeps  the  click  between  the  teeth 
of  the  ratchet-wheel  k. 

We  shall  now  explun  how  time  is  measured  by  the  motion 
of  the  pendulum;  and  how  the  wheel  k,  upon  the  axis  of  ti*faich 
the  minute-hand  is  fixed,  makes  but  ont  precise  revolution  in  an 
hour.  The  vibrations  of  a  pendulum  are  performed  in  a  drorter 
or  longer  time  in  proportion  to  the  length  of  the  pendulum  it- 
self. A  pendulum  of  S9|  niches  in  l^gth  makes  3600  vibra- 
dons  in  an  hour :  t.  e.  each  vibraUon  is  perfoiteed  in  a  second  of 
time,  and  for  that  reason  it  is  called  a  second- pendulum.  But 
a  pendulum  of  Sj-i-  inches  makes  l^QO  vibrations  in  an  hour,  or 
two  vibratioi.s  m  a  scLoud  of  time,  and  is  called  a  half-second 
pendulum.  Hence,  in  constructing  a  wheel  vrhose  revolution 
must  be  performed  in  a  given  dme,  the  time  of  the  vibrations 
of  the  pendulum  wiiich  regulates  its  moUon  must  be  considered. 
Supposing,  then,  that  the  pendulum  ab  makes  7200  vibrations 
in  an  hour,  let  us  consider  how  the  wheel  E  shall  take  up  an 
hour  in  making  one  revolution.  This  entirely  depends  on  the 
number  of  teeth  in  the  wheels  and  pinions.    If  the  balance* 
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-wbeel  coDtisCs  o#§0  teeA,  it  will  turn  once  in  the  time  diat  the 
pendulum  makes  M  vibrations  :  for  at  every  turn  of  the  wheel 
the  same  tooth  acts  once  on  the  palette  i,  and  once  on  the  pa- 
lette K,  which  occasions  two  separate  vibrations  in  the  pendu- 
lum ;  and  tlMi  wheel  having  30  teeth  it  occasions  twice  30,  or 
60  vibrations.  Consequentlj  this  wheel  must  perform  120  re- 
volutions in  an  hour ;  because  €0  vibrations,  which  it  occasions 
at  every  revolution,  are  contained  IfO  times  in  1900,  the  num- 
ber of  vibrations  performed  by  the  pendulum  in  an  hour.  Now, 
i»  order  to  determine  the  number  of  teeth  for  the  wheels  ef, 
and  their  pinions  eff  it  must  be  remarked  that  one  revolution  of 
the  wheel  B  must  turn  the  pinion  e  as  many  tisies  as  the  number 
of  teelb  in  the  pinion  is  contained  in  the  number  of  teeth  in  die 
wheel.  TbuS|  if  the  wheel  s  contains  72  teeth,  and  die  pinion 
e  6,  the  pinion  w91  make  19  revolutions  in  the  time  that  die 
^eel  makes  1 ;  for  each  tooth  of  the  wheel  drives  forward  a 
tooth  of  the  pinion,  and  when  the  0  teeth  of  the  pinion  are 
naoved,  a  complete  revolution  is  performed;  but  the  wheel  E 
has  by  diat  time  only  advanced  6  teeth,  and  has  stiU  66  to  a<l- 
¥ttne€  before  its  revelution  be  completed,  which  will  occasion 
1 1  mmre  revolutions  of  the  phaon.  For  die  same  reason  the 
wheel  F  having  60  teeth,  and  the  pinion  y*0,  the  pinion  wift 
make  10  revolutions  while  the  wheel  performs  1.  Now  the 
ivhcel  F  being  turned  by  die  pinien  e  makes  12  revolutions  for 
one  of  the  wheel  £ ;  aiid  the  pinion^  makes  10  revolutions  for 
one  of  di^  wheel  f;  consequently  the  pinion^*  performs  10  times 
12,  or  120,  revolutions  m  the  tinpi^e  the  wheel  s  performs  one. 
B«tt  the  wheel  «,  which  is  turned  by  the  pinion/,  occasions  60 
vibrations^ in  the  pendulum  each  time  it  turns  round;  conse- 
quently the  wheel  o  occasions  60  times  120,  or  7200,  vibrations 
of  die  pendulum  while  the  wheel  e  performs  one  revolution ; 
but  7200  is  the  number  of  vibrations  made  by  the  pendulum  in 
an  hour,  and  consequently  the  wheel  E  performs  but  one  revo- 
lution in  an  hour;  and  so  of  the  rest. 

From  this  reasoning  it  is  easy  to  discover  how  a  clock  may 
be  made  to  go  for  any  length  of  time  vnthout  being  wound  up. 
1.  By  increasing  the  number  of  the  teeth  in  the  wheels.  2.  By 
diminishing  the  number  of  teeth  in  the  pinions.  3.  By  increas- 
ing the  length  of  the  cord  that  suspends  the  weight  4.  By  in- 
crea^ng  the  length  of  the  pendulum.  And,  5.  By  adding  to  the 
number  of  wheels  and  pinions.  But  in  proportion  as  the  time 
is  augmented,  if  the  weight  continues  the  same,  the  force  which 
it  communicates  to  the  last  wheel  oh  will  be  diminished. 

It  only  remains  to  take  notice  of  the  number  of  teeth  in  the 
u  heels  which  turn  the  hour  and  minute-hands,  llie  wheel  B 
performs  one  revolution  in  an  hour;  the  wheel  nn,  which  is 

l2 


Digitized  by 


Google 


U8  MACHINES. 

.  turned  by  the  axis  of  the  wheel  b,  must  likewbe  make  only  (fn€ 
revolution  in  the  same  time ;  and  the  minute-hand  is  fixed  t» 
the  socket  of  this  wheel.  The  wheel  N  has  30  teeth,  and  act9 
upon  the  wheel  o,  which  has  likewise  SO  teeth,  and  the  same 
diameter ;  consequently  the  wheel  o  takes  an  hour  to  a  revolu-* 
tion :  now  the  wheel  o  carries  the  pinion  p,  which  has  6  teeth, 
and  which  acts  upon  the  wheel  qq  of  12  teeth ;  consequently 
the  pinion  p  makes  12  revolutions  while  the  wheel  qq  makes 
one,  and  of  course  the  wheel  qg  takes  1 2  hours  to  one  revolu- 
tion ;  and  upon  the  socket  of  this  wheel  the  hour-hand  is  fixed. 
Much  that  has  been  said  here  concerning  revolutions  of  wheeisi 
&c.  is  equally  applicable  to  watches  as  to  clocks. 

But  it  is  time  to  speak  of  the  striking  part ;  m  which,  indeed, 
as  well  as  the  other  part  of  a  clock,  there  is  room  for  ereat  va* 
jriety  and  choice  in  die  construction.  The  wheels  usually  com- 
posing this  part  are,  the  great  or  first  wheel,  wlMch  is  moved 
bv  the  weight  or  spring  at  the  barrel,  in  sixteen  or  thirty-hour 
clocks;  this  has  usually  pins,  and  is  called  the  pin-wheel:  in 
eight-day  pieces  the  second  wheel  is  commonly  the  pin- wheel, 
or  striking-wheel|  which  is  moved  by  the  former.  Mezt  to  the 
striking-wheel  is  the  detent-wheel,  or  hoop-wheel,  having  a  hoop 
almost  round  it,  wherein  is  a  vacancy  at  which  the  clock  locks* 
Tlie  next  is  the  third  or  fourth  wheel,  according  to  its  distance 
^om  the  rest,  called  the  warning-wheel.  The  last  b  the  flying 
pinion,  with  a  fly  or  fan,  to  gather  air,  and  so  bridle  the  rapidity 
of  the  clock's  motion.  To  these  must  be  added  the  pinion  of 
report;  which  drives  round  the  locking-wheel,  called  also  the 
fount^wheel;  ordinarily  with  eleven  notches  in  it,  unequally 
distant,  to  make  the  clock  strike  the  hours.  Besides  the  wheels, 
to  the  clock  part  belongs  the  rash  or  ratch ;  a  kind  of  wheel 
with  twelve  large  fangs,  running  concentrical  to  the  dial-wheel, 
and  serving  to  lift  up  the  detents  every  hour  and  make  the  clock 
strike :  the  detents  or  stops,  which  being  lifted  up  and  let  fall, 
lock  and  unlock  the  clock  in  striking;  the  hammer,  which 
strikes  the  bell ;  the  hammer  tails,  by  which  tiie  striking  pins 
draw  back  the  hammers ;  latches,  whereby  the  work  is  lifted  up 
and  unlocked ;  and  lifting-pieces  which  lift  up  and  unlock  the 
detents. 

In  the  year  1803  the  Society  for  the  Encouragement  of  Arts, 
&c.  presented  to  Mr.  John  Prior  of  Nessfield,  Yorkshire,  a 
reward  of  3^  guin'eas,  on  account  of  his  contrivance  for  the 
striking  pare  of  an  eight-day  clock.  As  this  invention  is  likely 
to  be  useful,  we  shall  describe  it  here.  It  consists  of  a  wheel 
und  fly,  with  six  turns  of  a  spiral  line,  cut  upon  the  wheel  for 
the  purpose  of  counting  the  hours.  The  pins  below  this  spiral 
elevate  the  hammer,  and  those  above  are  for  the  use  of  the  de- 
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tent.  This  single  wheel  serves  the  purpose  of  count-wheel,  pin- 
^heel;  detent-wheel,  and  the  fly-wheel,  and  has  six  revolutions 
in  striidng  the  12  hours.  If  we  suppose  a  train  of  wheels  and 
pinions  used  in  other  striking  parts  to  be  made  without  error, 
and  that  the  wheels  and  pinions  would  turn  each  other  without 
shake  or  play :  then,  allowing  the  above  supposition  to  be  true 
(diough  every  mechanic  knows  it  is  not),  Mr.  Prior's  striking 

£art  would  be  found  six  times  8Uj>erior  to  others,  in  striking  the 
ours  1,  2,5,  7,  10,  11;  twelve  times  superior  in  striking  4,  6, 
6 ;  and  eighteen  times,  in  striking  3,  9,  and  1 2.  In  strilung  2, 
fhe  inventor  purposely  made  an  imperfection  equal  to  the  space 
of  three  teeth  or  the  wheel;  and,  in  striking  S,  an  imperfection 
of  nine  or  ten  teeth ;  and  yet  both  these  hours  are  struck  per-r 
fectly  correct.  The  flies  in  clocks  turn  round,  at  a  mean,  about 
^ixty  times  for  every  knock  of  the  hammer,  but  this  turns  round 
only  three  times  for  the  same  purpose ;  and  suppose  the  pivots 
.^ere  of  equal  diameters,  the  influence  of  oil  on  them  would  bs 
as  the  number  of  revolutions  in  each.  It  would  be  better  for 
.clocks  if  they  gave  no  warning  at  all,  but  the  snail-piece  to  raise 
a  weight  somewhat  similar  to  the  model  Mr.  P.  sent  for  the 
jinspectioa  of  that  respectable  Socie^. 

fteference  to  Mr.  Priok's  Striking  Part  of  his  Clock. 

Plate  X.  fig.  1. — A,  the  large  wheel,  on  the  face  of  which 
^e  sunk  or  cut  the  six  turns  of  a  spiral. 

B,  the  single  worm  screw,  which  acts  on  the  above  wheel, 
and  moves  the  fly  c. 

D,  the  spiral  work  of  the  wheel  a.  The  black  spots  shew 
llie  grooves  into  which  the  detents  drop  on  striking  the  hour. 

E,  the  groove  into  which  the  locking-piece  f  drops  when  it 
strikes  one,  and  from  which  place  it  proceeds  to  the  outward 
parts  of  the  spiral  in  the  progressive  hours,  bei^g  thrown  out  bj 
a  lifting  piece  h  at  each  hour :  the  upper  detent  o  being  pumped 
off  widi  the  locking-piece  f,  from  me  pins  in  the  wheel  a. 

In  strikmg  the  hour  of  twelve,  the  locking^piece.  having 
arrived  at  the  outer  spiral  at  h,  rises  up  an  inclined  plane,  and 
drops  by  its  own  weight  to  the  inner  circle,  in  which  the  hour 
one  is  to  be  struck^  and  proceeds  on  in  a  progressive  motion 
through  the  different  hours  till  it  comes  again  to  twelve, 

I,  the  hammer-work  made  in  the  common  way,  which  is 
worked  by  thirteen  pins  on  the  face  of  the  spiral. 

Fig.  ^. — K,  the  thirteen  pins  on  the  face  of  the  spiral,  wM^ 
vork  the  hammer-work. 

L,  the  outer  pins,  which  lock  the  detent. 

Mj  the  pump-spring  to  &e  detent. 
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For  other  information  respecting  cleck-work,  see  the  articles 
Balance^  I^endulum,  and  Scapement,  in  this  volume. 

Some  very  simple  contrivances  for  clocks^  by  Mr.  Ferguson, 
and  Dr.  Franklin,  may  be  seen  in  Ferguson^ s  Seleit  Exercises, 

In  the  fourth  century  an  artist  named  James  Dondi  coil* 
structed  a  clock  for  the  city  of  Padua,  N\  hich  was  long  considt^red 
as  the  wonder  of  that  period.  Besides  indicating  the  hours>  it 
represented  the  motion  of  the  sun,  moon,  and  planets,  as  well 
as  pointed  out  the  different  festivals  of  the  year.  On  this  ac- 
count  Dondi  obtained  the  surname  of  Horologio,  ivhich  became 
that  of  his  posterity.  A  little  time  after,  William  2^1ander 
constructed  for  the  same  city  a  clock  still  more  complex;  whicli 
was  repaired  in  the  sixteenth  century  by  Janellus  Turrianus,  the 
mechanist  of  Charles  Y, 

But  the  clocks  of  tlie  cathedrals  of  Straslburgh  and  of  Lyons 
are  much  more  celebrated.  That  of  Strasburgh  was  the  work 
of  Conrad  Dasypodius,  a  mathematician  of  Aat  city,  who 
finished  it  about  1573.  Tlie  face  of  the  basement  of  this  clock 
exhibits  three  dial-plates ;  one  of  which  is  round,  and  consists 
of  several  concentric  circles  (  the  two  interior  ones  of  which 
perform  their  revolutions  in  a  year,  and  serve  to  mark  the  days 
of  the  year,  the  festivals  and  other  circumstances  of  the  calendar. 
The  two  lateral  dial-plates  are  square,  and  serve  to  indicate  the 
eclipses  both  of  the  sun  and  the  moon.  Above  the  middle  dial- 
plate,  and  in  the  attic  space  of  the  basement,  the  days  of  the  week 
are  represented  by  different  divinities,  supposed  to  preside  over 
the  planets  from  which  their  common  appellations  are  derived. 
The  divinity  of;the  current  day  appears  m  a  car  rolling  over  the 
clouds,  and  At  midnight  retires  to  give  place  to  the  succeeding 
one.  B^ore  the  basement  is  seen  a  globe,  borne  on  the  wings 
of  a  pelican,  around  which  the  sun  and  moon  revolved ;  and 
which  in  tha^  manner  represented  the  motion  of  these  planets: 
but  this  part  of  the  machine,  as  Well  as  several  others,  hasheen 
deranged  for  a  long  time*  The  ornamental  turret,  above  thb 
basement,  exhibits  chiefly  a  large  dial  in  the  form  of  an  astro« 
labe;  wb^ch  shews  the  annual  motion  of  the  suu  and  moon 
through  the  ecliptic,  the  hours  of  the  day^  8(c.  The  phases  of 
the  moon  are  seen  also. marked  out  on  a  particular  dial-plate 
above.  .  This  work  is  remarkable  also  for  a  considerable  assem-r 
blage  of  bells  and  figures,  which  perform  different  motions. 
Abovf^  the  dial-plate  last  mentioned,  for  example,  the  four  ages 
of  man  are  represented  by  -symbolical  figures :  one  passes  eveiT 
[uarter  of  an  hour,  and  marks  the  quarter  by  stribng  on  small 
lelb :  these  figures  are  followed  by  Death,  who  b  expelled  by 
Jesus  Christ  risen  from  the  grave :  >vho,  however,  permits  it  to 
sound  the  hour,  in  order  to  warn  man  that  time  is  on  tfa«  W40g« 
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T'wo  small  angels  perform  movements  also ;  one  strikiDg  a  bell 
^th  a  sceptre,  whue  the  pdier  turns  an  hour-glass  at  die  expira- 
tion of  an  hour.  In  the  last  place,  this  work  was  decorated  wkh 
various  animals,  which  emitted  sounds  similar  to  dieir  natural 
voices ;  but  none  of  them  now  remains,  except  the  cock,  which 
crows  immediately  before  the  hour  stnkes,  lirst  stretching  out 
its  neck  and  clappmg  its  win^s.  Indeed  it  is  to  be  regretted 
that  a  great  part  of  this  machme  is  now  entirely  deranged. 

The  dock  of  the  cathedral  of  Lyons  is  of  less  size  than  that 
of  Strasburgb,  but  is  not  inferior  to  it  in  die  variety  of  its  move^ 
ments ;  it  has  the  advantage  also  of  being  in  a  good  condition. 
It  is  die  work  of  Lippius  de  Basle,  and  was  exceedingly  well  re- 
paired in  the  last  century  by  an  ingenious  clock-maker  of  Lyons 
named  Nourisson.  Like  that  of  Strasburgh,  it  exhibits  on  differ- 
ent dial-plates  the  annual  and  diurnal  progress  of  the  sun  and 
moon,  the  days  of  the  year,  their  length,  and  the  whole  calendar, 
civil  as  well  as  ecclesiastic.  The  days  of  the  week  are  indicated 
by  symbols  more  analogous  to  the  place  where  the  clock  is 
erected :  the  hours  are  announced  by  the  crowing  of  a  cock, 
three  times  repeated  after  it  has  clapped  its  wings,  and  made 
various  odier  movements.  When  die  cock  has  done  crowing, 
angels  appear,  who,  by  striking  various  bells,  perform  the  air  of 
a  hymn ;  the  annunciation  of  the  Virgin  is  represented  also  by 
moving  figures,  and  by  the  descent  of  a  dove  from  the  clouds ; 
and  after  this  mechanical  exhibition  the  hour  strikes.  On  one 
of  the  sides  of  the  clock  is  seen  an  oval  dial-plate,  where  the 
hours  and  minutes  are  indicated  by  means  of  an  index,  which 
lengthens  or  contracts  itself,  according  to  the  length  of  the  semi- 
(fiameter  of  the  ellipsis  over  which  it  moves. 

A  very  curious  clock,  the  work  of  Martinot,  a  celebrated 
clock-maker  of  the  seventeenth  century,  was  formerly  to  be 
seen  in  the  royal  apartments  at  Versailles.  Before  it  struck  die 
hour,  two  cocks  on  the  comers  of  a  small  edifice  crowed  alter- 
nately, clapping  dieir  wings :  soon  after  two  lateral  doors  of  die 
edifice  opened,  at  which  appeared  two  figures  bearing  cymbals, 
beat  upon  by  a  kind  of  guards  with  clubs.  When  these  figures 
had  retired,  the  centre  door  w&s  thrown  open,  and  a  pedestal, 
8um>orting  an  equestrian  statue  of  Louis  XIV.  issued  from  it, 
whue  a  group  of  clouds  separating,  gave  a  passage  to  a  fi^re  of 
fame,  which  came  and  hovered  over  the  statue.  An  air  was 
then  performed  by  bells :  after  which  the  two  figures  re-entered ; 
the  two  guards  raised  up  their  clubs,  which  they  had  lowered  as 
if  ont  ofrespect  for  the  presence  of  the  king,  and  the  hour  was 
then  struck. 

While,  however,  we  have  thought  it  right  to  describe  these 
bgeniotts  performances  of  fore%n  artists^  we  most  not  nigleet 
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to  mention  the  equally  ingenious  workmanship  of  some  of  our 
own  countrymen.  We  now  refer  to  two  clocks  made  by  En- 
gl Isb  artists,  as  a  present  from  the  East-India  Company  to  the 
emperor  of  China.  These  two  clocks  are  in  the  form  of  chariots, 
in  each  of  which  a  lady  is  placed  in  a  fine  attitude,  leaning  her 
right  hand  upon  a  part  of  the  chariot,  under  which  appears  a 
clock  of  curious  workmanship,  little  larger  than  a  shilhng,  that 
strikes  and  repeats,  and  goes  for  eight  days.  Upon  the  lady's 
finger  sits  a  bird,  finely  modelled,  aud  set  with  diamonds  and 
rubies,  with  its  wings  expanded  in  a  flying  posture,  and  actually 
flutters  for  a  considerable  time  on  touching  a  diamond  button 
below  it :  the  body  of  the  bird,  in  which  are  contained  part  of 
the  wheels  that  animate  it  as  it  were,  is  less  than  the  16th  part 
of  an  inch.  The  lady  holds  in  her  left-hand  a  golden  tube  little 
thicker  than  a  large  pin,  on  the  top  of  which  is  a  s^iall  round 
box,  to  which  is  fixed  a  circular  ornament  not  larger  than  a 
sixpence,  set  with  diamonds,  which  goes  round  in  near  three 
hours  in  a  constant  regular  motion*  Over  the  lady's  head  is  a 
double  umbrella,  supported  by  a  small  fluted  pillar  not  thicker 
than  a  quill,  and  under  the  larger  of  which  a  bell  is  fixed,  at  a 
considerable  distance  from  the  clock,  with  which  it  seems  to 
have  no  connection;  but  from  which  a  communication  is  se- 
cretly conveyed  to  a  hanmaer,  that  regularly  strikes  the  hour^ 
and  repeats  die  same  at  pleasure,  by  touching  a  diamond  buttoQ 
fixed  to  the  clock  below.    At  Uie  feet  of  the  lady  is  a  golden 

dog-  .  .\ 

COINAGE,  or  Coining,  the  art  or  act  of  making  money. 

Coining  is  either  performed  by  the  hammer  or  the  mill.  The 
first  method  is  now  little  used  in  Eiu'ope,  especially  in  Eng- 
land, France^  8^.  though  the  only  one  known  till  the  year  1553, 
when  a  new  machine,  or  coining-mill,  invented  by  an  engraver^ 
one  Antoine  Brucber,  was  first  tried  in  the  French  king^s  palace 
at  Paris,  for  the  coining  of  counters :  though  some  attribute  the 
invention  of  die  mill  to  Varin,  a  famous  engraver,  who,  in 
reality,  was  no  more  than  an  improver  of  it ;  and  others  to 
Aubrey  Olivier,  who  had  only  the  inspection  of  it. 

The  mill  has  met  with  various  fate  since  its  first  invenUon ; 
being  now  used,  and  again  laid  by,  and  the  hammer  resumed : 
but  It  has  at  length  got  that  fooUng,  by  the  neatness  and  per- 
fection of  the  species  struck  with  it,  that  there  appears  no  great 
probability  of  its  ever  being  again  disused. 

In  either  kind  of  coining,  die  pieces  of  metal  are  stamped  or 
struck  with  a  sort  of  punchious  or  dyes,  wherein  are  engraven 
the  prince's  eflfigies,  with  the  arms,  legends,  8cc. 

Coming  by  the  mill,  or  milled  money. — ^The  bars  or  plates 
being  taken  out  of  the  mould,  and  scraped  and  brushed,  are. 
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passed  several  times  through  a  mill,  to  flatten  them  furdier,  and 
bring  tlieiii  to  the  just  thickness  of  the  species  to  be  coined; 
with  this  difference,  however,  that  the  plates  of  gold  are  heated 
;again  in  a  furnace,  and  quenched  in  water,  before  they  undergo 
the  mill ;  which  softens  and  renders  them  more  ductile :  whereas 
those  of  silver  pass  the  mill  just  as  they  are,  without  any  heat- 
ing ;  and  when  afterwards  they  are  heated  they  are  left  to  cool 
^gain  of  themselves,  without  water*. 

The  plates,  whether  gold^  silver,  or  copper,  thus  reduced  as 
near  as  possible  to  their  thickness,  are  cut  into  round  pieces, 
called  blanks  or  planchets,  near  the  size  of  the  intended  species^ 
with  a  cutting  instrument  fastened  to  the  lower  extremity  of  aa 
arbor,  whose  upper  end  is  formed  into  a  screw ;  which,  being 
turned  by  an  iron  handle,  turns  the  arbor,  and  lets  the  stee^ 
well  sharpened,  in  form  of  a  punch-cutter,  fall  on  the  plates ; 
and  thus  is  a  piece  punched  out. 

These  pieces  are  now  given  to  be  adjusted,  and  brought  by 
filing,  or  rasping,  to  the  weight  of  the  standard,  whereby  they 
are  to  be  regulated :  and  what  remains  of  the  plate  between  the 
circles  is  melted  again,  under  the  denomination  of  sizel. 

The  pieces  are  adjusted  in  a  fine  balance :  and  those  which 
prove  too  light  are  separated  from  those  too  heavy ;  the  first  to 
be  melted  again,  and  the  second  to  be  filed  down.  For  it  may 
be  observed,  that  the  mill' through  which  the  plates  are  passed 
can  never  be  so  just  but  there  will  be  some  inequality,  whence 
will  arise  a  difference  in  the  blanks.  And  this  inequality,  in- 
deed, may  be  owing  to  the  quality  of  the  matter  as  well  as  of 
the  machine ;  some  parts  bemg  more  porous  than  others. 

When  the  blanks  are  adjusted  they  are  carried  to  tlie  blanch- 
ing or  whitening-house,  i.  e.  the  place  where  the  gold  blanks 
have  their  colour  given  them,  and  the  silver  ones  are  whitened ;. 
which  is  done  by  heating  them  in  the  furnace,  and,  when  taken 
out  and  cooled^  boiling  them  successively  in  two  copper  vessels, 
with  water,  common  salt,  and  tartar :  and,  after  that,  scouring 
them  well  with  sand,  and  washing  them  with  common  water, 
drying  them  over  a  wood  fire,  in  a  copper  sieve,  wherein  tliey 
areput  when  taken  out  of  the  boilers. 

Formerly  the  planchets,  as  soon  as  blanched,  were  carried  to 
the  press,  to  be  struck,  and  receive  their  impressions ;  but  now 
they  are  first  marked  with  letters  or  graining  on  the  edges,  to 
prevent  the  clipping  and  paring  of  the  species,  which  is  one  of 
the  ways  wherein  the  ancient  money  used  to  be  damaged. 
The  machine  used  to  mark  the  edges  is  very  simple,  yet  ingeni- 
ous ;  it  consists  of  two  plates  of  steel,  in  form  of  rulers,  about 
the  thickness  of  a  line,  on  which  the  legend  or  edging  is  en- 
graven, half  on  the  one,  and  half  on  the  other.    One  of  these 
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plates  18  knmoTeable,  being  strongly  bound  vfiih  screws  to  a 
<:opper  plate ;  and  that  again  to  a  strong  boards  or  table :  the 
other  is  morale,  and  slides  on  die  copper  plate  by  means  of  a 
iuindley  and  a  wheel^  or  pinion  of  iron,  the  teeth  whereof  catch 
««  a  kind  of  other  teeth,  on  the  surface  of  tlie  slidmg  plate. 
Now,  the  planchet,  being  placed  horizontally  between  these 
two  plates,  is  carried  along  by  the  motion  of  the  moveable  one  ; 
«o  as  by  that  time  it  has  made  half  a  turn  it  is  found  marked  all 
found.     See  fig.  ].  pi.  XIV. 

This  madime  is  so  easy,  that  a  single  man  is  able  to  marl^ 
iw&aty  thousand  planchets  in  a  day.  Savang  pretends  it  was 
invented  by  the  sieur  Castagin,  engineer  to  the  French  king, 
and  first  used  in  1685.  But  it.is  certain  we  had  the  art  of  let- 
tering the  edges  in  England  lou^  before  that  time ;  witness  the 
crowns  and  half-crowns  of  Ohver  Cromwell  struck  in  1658^ 
which  for  beauty  and  perfection  far  exceed  any  French  coins 
we  liave  ever  seen. 

Laitly,  die  planchets,  bein^  thus  edged,  are  to  be  stamped, 
t.  e.  their  impression  is  to  be  given  them  in  a  sort  of  mill,  or 

Eress,  by  the  French  called  a  balancier,  invented  towards  the 
ttter  end  of  the  sixteenth  century.  See  its  figure  in  fig.  2. 
pi.  XiV. 

Its  chief  parts  are  a  beam,  screw,  arbor,  &c.  all  contained  iu 
the  body  of  the  machine,  except  the  first,  which  is  a  long  iron 
bar,  widi  a  heavy  ball  of  lead  at  each  end,  and  rings,  to  which 
aretfestened  cords,  which  give  it  motion:  this  is  placed  bori- 
eontally  over  the  body  of  the  machine.  In  the  middle  of  the 
beam  is  fastened  a  screw,  which,  by  turning  the  beam,  serves  to 
press  the  arbor  underneath  it ;  to  the  lower  extremity  of  which 
arbor,  placed  perpendicularly,  is  fastened  the  dye,  or  matrice, 
of  the  reverse,  or  arm  side,  in  a  kind  of  box,  or  case,  wherein  it 
is'Tetamed  by  screws :  and  under  this  is  a  box,  or  case,  contain- 
ing the  dye  of  the  image-side,  firmly  fastened  to  the  lower  part 
of  the  engine,  fig.  S. 

Now  when  a  planchet  is  to  be  stamped  it  is  laid  on  the 
image-matrice,  upon  which  two  men  draw,  each  on  his  side, 
one  of  the  ropes  of  the  beam,  and  turn  the  screw  fastened  in  it; 
which  by  diis  motion  lowers  the  arbor  to  which  the  dye  of  the 
arms  is  fastened :  by  which  means  the  metal  being  in  the  mid- 
die,  at  t>nce  receives  an  impression  on  each  side,  from  eidier 
dye.  As  to  the  press  formerly  used,  it  has  all  the  essential  parts 
of  a  balancier,  except  the  beam,  which  is  here,  as  it  were,  di« 
tided,  and  only  drawn  one  way. 

^eUanks  having  now  all  their  marks  and  impressions,  both 
on  the^dges  and  faces,  become  money;  but  they  haye  not  cur* 
lency  tHl  tfiey  have  been  weighed  and  ^anu&ed* 
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For  the  Coinhg^cf  Medals  the  progrefis  it  die  same,  io  effect^ 
^  ith  that  of  money :  the  principal  dtffefeace  consistB  in  tkiB, 
that  money,  having  but  a  small  relievo,  receives  iu  impnessioa 
at  a  single  stroke  of  the  engine;  wb^eaa,  for  aiedak,  the 
height  of  their  relievo  makes  it  necessary  that  &e  stroke  be 
repeated  several  times :  to  this  end  the  piece  is  taken  <mt  from 
between  the  dyes,  heated,  and  returned  again ;  which  process, 
in  medallions,  and  large  medals,  is  sometimes  repealed  fifteen 
or  twenty  times,  before  the  fuU  impression  be  given;  care  bdag 
taken,  every  time  the  planchet  is  removed,  to  take  off  the  steer- 
fluous  metal  stretched  beyond  the  circiunfereooe,  widi  it  file* 

An  improvement  has  been  lately  suggested  in  the  coiniag- 
press,  by  a  Mr.  Huigenan,  we  believe,  who  has  introduced  the 
principle  of  the  heart-wheel  both  in  this  contrivance  and  in  his 
universal  lever.  The  method  Mr.  H.  reconunends  may  be  un- 
derstood by  referring  to  fig.  4«  pi.  XIV.  cb  is  part<^  a  table 
or  plane  on  which  is  fixed  the  box  containing  the  dye  F  i>f  the 
image  side  of  the  coin,  and  CA  is  a  lever  to  which  is  attached 
the  dye  £  of  the  reverse  side  in  a  case  retained  by  screws ;  and 
this  is  so  posited,  that  by  turaing  c  A  en  the  centre  c  the  parts 
£  and  F  may  be  brought  the  one  immediately  above  the  othar. 
G  is  an  elliptical  or  heart-whed  turning  upon  a  fixed  centre  by 
the  handle  or  winch  h,  and,  acting  upon  the  friction-wheel  d, 
gradually  forces  down  the  end  a  of  the  lever^  and  carries  with  it 
the  dye  b,  causing  it  to  press  very  hard  iq>on  the  metal  placed 
on  the  lower  dye  f,  at  the  time  the  extremity  i  of  the  eUiptical 
wheel  is  in  contact  with  the  upper  part  of  the  wheel  j>.  Then 
the  motion  of  the  winch  proceeding,  the  sprins  s  raises  up  the 
lever  CA,  and  thus  leaves  room  to  remove  £e  metal :  place 
another  at  f,  and  repeat  the  operation.  The  whole,  it  is  ob- 
vious, may  be  carried  on  with  considerable  expedition;  but 
whether  the  method  is  on  the  whole  preferable  to  that  before 
described  is  what  we  do  not  here  attempt  to  decide. 

In  the  machinery  invented  for  coining  by  Boulton  and  Watt, 
^nd  lately  introduced  m  the  Min^  the  screw  presses  for  cutting 
put  the  circular  pieces  of  me^  are  worked  with  great  faciltly, 
iand  both  the  edges  and  the  faces  of  the  money  are  coined  at 
the  ^me  time,  with  such  superior  excellence  and  cheapness  of 
workmanship  as  will  prevent  clandestine  imitation.  By  means 
of  thb  machinery  four  boys  can  strike  30/300  pieces  of  motoey 
in  an  hour:  the  machine  has  this  farther  advantage,  that  it 
serves  as  a  register,  and  keeps  an  unerring  account  dT  the  nan^ 
)i^r  of  pieces  struck. 

COMPASSES  (beam),  a  kind  of  compasses  used  to  draw 
large  arcs,  and  to  take  large  extents,  Sec.  T^se  coanpaaros 
poaslst  of  a  straight  beam  or  bar,  of  i  8  inches,  8  £ect  or  more 
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in  lengthy  carrying  two  brass  cursors ;  one  of  these  being  fixed 
at  one  end,  the  other  sliding  along  the  beam,  with  a  screw  to 
fasten  it  on  occasionally.  To  the  cursors  may  be  screwed 
points  of  any  kind,  as  of  steel,  brass,  pencils,  .8cc.  The  fixed 
cursor  has  sometimes  an  adjusting  or  micrometer  screw  applied 
to  it,  for  the  more  nicje  obtaining  of  extents. 

The  beam  is  divided  commonly  into  inches,  tenths,  and  half 
tenths :  but  Mr.  Walton,  an  ingenious  mechanic,  in  the  proof 
department  of  the  Royal  ArsensJ,  Woolwich,  has  improved  this 
instrument  and  much  extended  its  utility,  by  applying  a  nonius 
to  its  scale,  which  renders  it  fit  to  take  distances  to  hundredth 
parts  of  an  inch.     Part  of  a  beam  with  the  additions  of  Mr. 
Walton  arc  shewn  in  fig.  1.  pi.  XVIII.  where  ik  represents 
more  than  4  inches  in  length  of  a  beam,  which  is  made  of 
ebony,  the  divisions  being  marked  upon  brass  laid  into  the  ebony, 
ABCD  and  £FGH  are  two  brass  cases  which  nearly  fit  the  beam, 
and  may  slide  to  and  fro  upon  it :  these  brass  cases  carry  the 
cursors  and  points  l  and  m,  which  are  fastened  into  sockets  by 
means  of  screws  at  n  and  o.     The  case  abcd  has  two  screwji 
be  and  a,  both  of  which  are  turned  by  means  of  forked  turn- 
screws  :  the  first  of  these  screws,  6c,  serves  to  move  the  brass 
case  backwards  and  forwards  on  the  beam,  in  order  to  adjust 
the  point  l  so  as  to  correspond  with  the  commencement  of  the. 
divisions  on  the  beam ;  and  when  that  b  done  the  screw  a,  bj 
pressing  a  spring,  makes  the  whole  fast  to  the  beam.    The  other 
brass  case  efgh  carries  the  cursor  and  point  m,  as  well  as  the 
moveable  nonius  ei:  this  nonius  is  at  the  extremity  of  a  piece 
^fghkiy  which  is  moved  to  and  fro  upon  the  case  efgh  by 
means  of  the  screw  opqs^  which  is  turned  by  the  milled  head 
rst:  the  shoulders  at  p  and  q  prevent  the  screw  from  moving 
either  backward  or  forward  with  respeU  to  the  line  fh,  while 
the  threads  of  the  screw  between  o  and  /?,  by  taking  upon  the 
moveable  piece  efghki,  cause  the  nonius  to  move  along  the 
edge  of  the  graduated  scale  of  the  beam  :  turning  the  head  of 
the  screw  in  the  direction  rst  moves  the  nonius  in  the  direc- 
tion from  K  towards  i  on  the  beam :  and  turning  that  head  in 
the  direction  tsr  advances  the  nonius  according  to  the  increas- 
ing measure  upon  the  scale  from  i  towards  k.    The  screw 
d  with  its  milled  head  p,  by  pressing  upon  a  spring,  will  at  any 
time  make  the  case  efgh  fast  to  the  beam,  and  thus  prevent, 
when  necessary,  any  change  of  distance  between  l  and  m. 
Fig.  2.  is  a  transverse  section  of  die  brass  case  efgh  :  it  serves 
to  shew  the  form  1,  2,  3,  4,  5,  of  the  beam,  bevelled  off  to  an 
edge  at  4 ;  also  the  bevel  of  the  nonius  at  e ;  the  dovetail  at  q, 
against  which  one  shgulder  of  the  micrometer  screw  presses ;  ana 
the  piece fv,  into  which  the  three  screws  /,  m,  n  (fig.  1.)  enter. 
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Other  parts  oF  the  construction  will  be  sufficiently  obvious 
from  these  figures. 

CONDENSER,  a  pneumatic  engine  or  syringe,  by  which 
an  extraordinary  quantity  of  air  may  be  crowded  or  pushed  into 
a  given  space;  .to  that  frequently  ten  times  as  much  air  as  an 
equal  space  would  contain  out  of  the  engine  may  be  thrown  in 
by  means  of  it,  and  its  egress  prevented  by  valves  properly  dis- 
posed. 

The  condenser  is  made  either  of  metal  or  of  ^lass,  and  either 
in  a  cylindrical  or  globular  form ;  and  tlie  air  is  forced  into  it 
by  an  uijecting  syringe.  The  receiver  or  vessel  containing  the 
condensed  air  should  be  made  very  strong,  to  bear  the  force  of 
the  air's  elasticity  thus  increased :  for  which  reason  it  is  com- 
monly made  of  brass.  When  glass  is  used  it  will  not  sustain  so 
great  a  condensation  of  air;  but  the  experiment  will,  notwith- 
standing, be  rendered  more  entertaining,  as  the  effect  of  the 
condensed  air  upon  any  subject  put  witUn  the  receiver  may  be 
viewed  through  the  glass. 

Condenser  of  Forces ,  a  name  given  by  M.  Prony  to  a 
contrivance  for  obtaining  the  greatest  possible  effect  from  a 
first  mover,  the  energy  of  which  is  subject  to  augmentation 
or  diminution  within  certain  limits ;  and  in  general  to  vary  at 
pleasure  the  resistance  to  which  the  effort  of  the  first  mover 
forms  an  equilibrium  in  any  machine  whatever,  without  chang- 
ing any  part  of  their  construction. 

The  general  problem  in  mechanics,  of  which  this  condenser 
is  intended  as  a  pn^ctical  solution,  is  enunciated  by  M.  Prony 
in  these  terms: 

*^  Any  machine  being  constructed,  to  find,  without  making 
any  change  in  the  construction,  a  means  of  transmitting  to  it 
the  action  of  the  first  mover,  by  fulfilling  the  following  condi- 
tions, viz. 

**  1.  That  it  may  be  possible  at  pleasure,  and  with  great 
speed  and  facility,  to  vary  the  resistance  (against  which  the 
efforts  of  the  first  mover  must  continually  make  an  equilibrium) 
in  limits  of  any  required  extent. 

"  2.  That  the  resistance,  being  once  regulated,  shall  be 
rigorously  constant  until  the  moment  when  it  is  thought  proper 
to  increase  or  diminish  the  same. 

**  3.  That  in  the  most  sudden  variations  of  which  the  effort 
of  the  first  mover  may  be  capablef,  the  variation  in  velocity  of 
the  machine  shall  never  undergo  a  solution  of  continuity." 

M.  Prony  applies  his  solution  of  tliis  problem  to  the  dynamic 
effect  of  wind:  it  will  be  easy  to  make  the  same  general  when 
the  other  first  movers  are  used. 
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Tlie  tectioB  aad  plan  ot  the  »tduiie  aie  exhibited  in  pL  XIV. 
CO  represents  the  vertical  arbor  to  which  windmill  tails  are 
adapted;  eeee  is  as  aasembla^  of  carpentty,  of  which  one  of 
the  radii,  oe^  bears  a  curved  piece  id^  of  iron  or  steel:  vertical 
aies  of  rotation  aaa^  being  placed  round  the  axis  oo,  ala* 
divide  the  circumfereace  in  wlikk  thej  are  found  inta  ttpjoi 
parts. 

Each  of  these  axes  carries  a  curve,  qf^  of  iron,  steel,  or 
copper;  so  situated,  that  when  the  wind  acts  upon  the  sails  the 
curve  bd  presses  against  one  of  the  curves  of,  and  causes  the 
vertical  axis  to  which  this  kat  curve  is  fixed  to  make  a  portion 
of  a  revolution* 

The  curves  bd  and  of  must  be  so  disposed,  diat  when  bd 
ceases  to  press  on  one  of  the  curves  qf,  it  shall  at  the  same 
inatant  begin  to  act  upon  the  following  curve:  the  number  of 
axes  which  are  proved  with  these  curves  must  be  determined 
by  the  particular  circumstaaces  of  each  case;  and  it  is  abo 
practicable  to  substitute,  instead  of  bd,  a  portion  of  a  toodied 
wheel  having  its  centre  at  the  axis  oo,  and  to  place  portions 
of  pinions  instead  of  the  curves  af;  but  die  dispositions  re>* 
presented  in  the  figure  are  preferable. 

Each  of  these  axes  aaaa  (which  are  all  fitted  up  atike» 
though,  for  the  sake  of  clearness,  only  oae  of  them  has  its 
apparatus  represented  in  the  drawing),  carries  upon  it  a  drum 
or  pulley  ttrr,  on  which  is  wound  a  cord  that  passes  over  a 
pnlkj  p,  and  serves  to  support  a  weight  q  by  aieanaof  the  lever 
VQf  upon  which  diis  we^ht  may  be  slided  and  fastened  at 
different  distances  from  the  point  of  motion  g. 

The  saMe  ajies  aa  pass  throu^  the  pinions  qq,  to  which 
they  are  not  fixed ;  but  these  pinions  carry  clicks  or  raldiets^ 
whu:h  bear  against  the  teeth  rr-,  so  that,  when  the  weight  9 
tends  to  rise,  the  ratchet  gives  way,  and  no  other  effect  ia 
produoed  on  the  pinkxi  ^q,  either  by  the  motion  of  the  axis  or 
of  the  drum  tCrr,  exceptag  that  which  causes  the  ascent  of  ike 
weight  qq.  But  the  instast  that  the  curve  or  toodi  bd  ceases  to 
bear  agamst  one  of  the  curves  rf,  after  having  caused  the  cor- 
responding weight  9  to  rise,  that  weight  q  tends  to  redescend, 
and  then  the  toothed  wheel  rr  acta  iq^inst  the  ratchet,  so  that 
Q  cannot  descend  without  turning  the  pinion  qq  along  with  the 
drum  tirr. 

The  {Mniott  qq  takes  in  the  wheel  ab,  from  the  motion  of 
which  the  useM  ^ect  of  the  machine  immediately  results;  so 
that  the  effect  of  the  descent  of  oiie  of  the  w^hu  g  is  to 
solicit  the  whed  ab  to  motioi^  or  to  continue  d^  motion  in 
concurrence  with  all  the  other  weights  q,  which,  descend  at  lW 
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tame  tine.  TbU  wheel  ab  carries  beneath  k  oblique  or  bevelled 
teeth  CD,  which  tak«  in  a  like  wheel  cb,  and  cause  the  buckets 
at  s  to  rise. 

From  the  preceding  description  it  is  seen  that  the  machine, 
being  supposed  to  start  from  a  state  of  repose,  the  wiud  will 
at  first  raise  a  number  of  weights  q,  sufficient  to  put  the  ma- 
chine into  modon,  and  will  continue  to  raise  new  weights  while 
those  before  raised  are  fallen;  so  that  the  motion  once  impressed 
will  be  continued. 

Among  the  numerous  advantages  of  this  new  medianism  we 
may  remark  the  following : 

1.  No  violent  shock  can  take  place  in  any  part  of  the 
mechanism. 

2.  The  useful  effect  being  proportioned  to  tlie  number  of 
weights  Q,  which  descend  at  the  same  time^  diis  effect  will 
increase  in  proportion  as  the  wind  becomes  stronger^  and  causes 
the  sails  to  turn  with  more  velocity. 

3.  The  weights  Q  being  moveable  along  the  levers  fg,  it  will 
always  be  very  easj  to  place  them  in  such  a  manner  as  to  obtain 
that  ratio  of  ttie  effort  of  the  first  mover  to  the  resistance  which 
will  produce  the  maximum  of  effect. 

4.  From  this  property  it  results  that  advantage  may  be  taken 
of  the  weakest  breezes  of  wind,  and  to,  obtain  a  certain  product 
in  circumstances  under  which  all  other  windmills  are  in  a  state 
of  absolute  inactivity.  Thb  advantage  is  of  great  importaaceii 
particularly  with  regard  to  agriculture:  the  windmills  employed 
for  watering  lands  are  sometimes  inactive  for  several  days,  and 
this  inconvenience  is  more  particularly  felt  in  times  of  drought 
A  machine  capable  of  moving  with  the  slightest  breeze  must 
therefore  offer  the  most  valuable  advantages. 

CRAB  or  GIN,  an  engine  used  for  mounting  large  guns  on 
their  carriages,  &c.  It  is  composed  of  three  long  and  stout 
Ws  meeting  together  at  their  tpps ;  these  legs  are  round  poles 
ot  about  12  or  13  feet  long,  whose  diameters  at  the  lower  ends 
are  about  four  inches,  five  just  below  the  roller,  besides  the 
cheeks  that  are  added  to  them  in  that  place,  and  about  Si  inches 
above. 

Two  of  these  poles  can  be  fixed  at  a  certain  distance  from 
each  other,  by  means  of  two  iron  bars  placed  horizontally,  one 
being  about  four  feet  long, the  ether  about  seven;  and  a  roller  is 
made  to  run  upon  pivots  turning  on,  or  in,  these  two  poles: 
this  roller  is  commonly  7^  inches  in  diameter,  and  six  feet  long. 
A  portion  of  20  inches  is  left  square  at  each  end,  and  holes 
made  in  each  to  receive  the  handspikes  by  which  the  men  turn 
the  roller:  but  the  middle  part  is  made  cylindrical,  to  wind  the 
cable  upon.    The  t^a^sverse  iron  bars  are  fixed  with  one  end 
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to  one  of  the  poles  by  means  of  a  bolt;  and  with  the  other  end 
to  the  other  pole  with  a  bolt  and  key;  so  as  to  be  readily  taken 
out;  in  order  that  when  the  ^n  is  to  be  removed  from  place  to 
place  the  poles  may  lie  close  together  upon  the  carriage. 
There  are  two  iron  bands  and  two  iron  bolts  to  fasten  each 
cheek  (for  the  pivots)  to  .the  poles,  and  iron  plates  round  the 
poles  where  the  iron  bars  are  fixed.  The  poles  are  hooped  at 
each  end;  and  the  upper  ends  have  straps  through  which  an 
iron  bolt  passes:  this  bolt  keeps  the  upper  ends  togetlier,  as  well 
as  serves  to  support  the  iron  to  which  the  windlass  is  hooked. 
The  windlass  contains  two  brass  pullies,  about  which  the  cable 
goes,  which  is  fixed  to  the  dolphins  of  the  gun  or  mortar  with 
another  windlass,  containing  two  brass  pullies  likewise.  When 
this  machine  is  used  the  whole  is  laid  flat  on  the  ground,  the 
lower  end  of  the  single  pole  extending  the  contrary  way,  in 
order  to  fasten  the  upper  windlass  after  the  cable  has  been 
turned  round  both:  after  this  the  upper  end  b  raised  gradually  till 
the  feet  of  die  three  poles  (each  of  which  has  an  iron  prong) 
stand  nearly  at  ecjual  distances;  in  such  a  manner  as  the  legs  of  a 
theodolite  or  plam  table,  when  set  up  for  use  in  the  practice 
of  surveying. 

CRANE,  a  machine  used  in  building,  on  wharfs,  and  in 
warehouses,  for  raising  and  lowering  huge  stones,  ponderous 
weights,  packages,  8cc. 

1.  Cranes  until  of  late  years  were  commonly  constructed  as 
follows:  the  principal  member  is  a  strong  upright  beam  or 
arbor,  firmly  tixed  in  the  ground,  and  sustained  by  eight  arms, 
coming  from  the  extremities  of  four  pieces  of  wood  laid  across, 
through  the  middle  of  which  passes  the  foot  of  the  beam. 
About  the  middle  of  the  arbor  the  arms  meet,  and  are  mortised 
into  it:  its  top  ends  in  an  iron  pivot,  on  which  is  borne  a  trans- 
verse piece,  advancing  out  to  a  good  distance,  something  after 
the  manner  of  a  crane's  neck,  whence  the  machine  has  its  name. 
This  projecting  piece  is  now  more  commonly  called  the  jib  or 
gibbet.  The  middle  and  extremities  of  this  are  again  sustained 
by  arms  from  the  middle  of  the  arbor:  and  over  it  comes  a  rope 
or  cable,  to  one  end  of  which  the  weight  is  fixed;  the  other  is 
wound  about  the  spindle  of  a  wheel,  which  when  turned  (com- 
monly by  means  of  men  walking  upon  the  inside  of  the  nm  of 
the  wheel)  draws  the  rope,  and  that  heaves  up  the  weight; 
which  may  afterwards  be  applied  to  any  side  or  quarter  by  the 
mobility  of  the  transverse  piece  on  the  pivot.  These  cranes 
have  usually  been  made  of  two  kinds:  m  the  first,  called  the 
rat-tailed  crane,  the  whole  machine  with  the  load  turns  upon  a 
strong  axb:  in  the  second  kind  the  gibbet  alone  moves  on  its 
axis.  But  in  either  kind,  if  the  machinery  be  put  into  motion  by 
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men  walkbg  mthin  the  wbeel^  as  has  been  till  lately  the  nearly 
universal  practice  in  this  country,  the  labourers  employed  are 
ejcposed  to  extreme  danger,  and  have  frequently  met  ^ith  the 
most  shocking  and  fatal  accidents.  It  is  not  then  to  be  won« 
dered  at,  that  skilful  mechanists  should  at  length  have  devised 
cranes  that  are  not  only  more  safe,  but  more  powerful  in  their 
operation,  than  the  common  walking  crane :  a  few  of  the  best 
of  these  will  be  described  in  the  present  article. 

2.  The  late  Mr.  Ferguson  invented  a  crane  which  has  three 
trundles,  with  different  numbers  of  staves,  that  may  be  applied 
to  the  cogs  of  a  horizontal  wheel  with  an  upright  axle ;  round 
which  is  coiled  the  rope  that  draws  up  the  weight.  Tliis 
wheel  has  96  cogs;  the  largest  trundle  24  staves,  the  next  12, 
and  the  smallest  6,  so  that  the  largest  revolves  4  times  for  one 
revolution  of  the  wheel;  the  next  8,  and  the  smallest  16.  A 
winch  18  occasionally  fixed  on  the  axis  of  either  of  these  trundles 
for  turning  it;  and  is  applied  to  the  one  or  the  other  according 
as  the  weight  to  be  raised  is  smaller  or  larger.  W)iile  this  is 
drawing  up,  the  ratch-teeth  of  a  wheel  slip  round  below  a  catch 
that  falls  into  them,  prevents  the  crane  from  turning  backwards^ 
and  detains  the  weight  in  any  part  of  its  ascent,  if  die  man  who 
works  at  the  winch  should  accidentally  quit  his  hold,  or  wish. to 
rest  himself  before  the  weight  is  completely  raised.  Making  a 
due  allowance  for  friction,  a  man  may  raise  by  such  a  crane 
from  three  times  to  twelve  times  as  much  in  weight  as  would 
balance  his  effort  at  the  winch;  viz.  from  90  to  S60lbs.  taking 
die  average  labour. 

Other  jngenious  contrivances  by  Mr.  Fei^son  may  be  seen 
in  his  Select  Exercises;  but  as  the  book  is  in  the  hands  of  almost 
every  practical  mechanic,  we  would  rather  refer  to  it  than 
extract  accounts  of  these  inventions. 

3.  The  crane  presented  in  pi.  VIL  is  a  portable  one,  mounted 
m  a  wooden  frame  and  stage,  which  is  judged  to  be  very  useful 
for  loading  and  unloading  carts  with  large  heavy  stones.  It  is 
moveable  to  any  part  of  a  stone-yard  or  ground;  the  frame  is 
suflSciently  wide  for  a  cart  to  draw  under  the  crane,  and  at  any 
time  it  may  be  taken  to  pieces.  The  frame  aaaa  is  made  of 
wood,  is  about  9  or  10  feet  high,  and  about  9  feet  square.  The 
wheels  bb  are  of  iron,  and  are  about  3  feet  in  diameter;  and 
the  pinion  n,  that  is  fixed  to  the  axis  of  the  first  wheel  b,  8 
inches  in  diameter:  on  the  axis  of  the  second  wheel  b  the  axis 
round  which  the  rope  coils  is  fixed.  Now  the  stones  being 
corded  and  hooked  at  the  end  of  the  rope,  it  is  very  evident 
that  die  man  at  c  will  either  raise  or  lower  them  as  may  be 
necessary^  according  as  he  turns  the  winch  towards  or  £rom 
him,  and  m  a  safe  and  very  easy  manner.    The  advantage  in 
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fciat  of  power  bebs  m  proportion  at  the  product  o£  the  ladit 
of  the  wheels  to  thole  of  the  pkuoos. 

4.  Fig.  7.  pi-  XII.  18  a  represeDtatioD  of  a  craiie-carri^e 
which  Mr.  Gottlieb  conceives  to  be  very  oseful  in  moving  laiigfr 
•tones  in  quarries,  where  carts  and  horses  cannot  be  conv«* 
inaatly  or  at  idl  managed*  Its  principle  is  evident  from  a  bare 
new  of  the  figure.  It  consists  only  of  two  sets  of  crane-wheels 
applied  to  the  two  sets  of  wheels  belongii^  to  the  carriage;  so 
that  two  men,  one  at  each  winch  aa,  turning  the  pinions  and 
wheels  round,  shall  act  upon  the  carriage-wheeb  and  move  it 
along.  By  their  both  turning  forwards  or  backwards,  the  car- 
riage goes  accordingly;  but  if  they  turn  contrary  ways,  the  car- 
riage will  be  turned  round,  or  partly  so,  as  may  be  wanted. 
The  pinion  b  b  6  inches  in  diameter,  which  turns  the  wheel  c 
of  3  feet  diameter,  on  the  axis  of  vdiich  is  fixed  the  pinion  i>  of 
1  foot  diameter,  which  works  into  two  wheels  £,e,  of  S  feet  S 
inches  diiameter,  that  are  fixed  upon  the  carriage^whaelsE,  and 
gbre  motion  to  tfie  whole  machine. 

5.  Mr.  Abraham  Jndrems,  of  Higham  Ferrers,  in  Nortfaamp* 
tonshire,  has  invented  a  crane  which  weighs  die  body  suspended 
at  die  time  it  is  raising:  an  improvement  for  which  the  Society 
for  the  Encouragement  of  Arts,  See.  granted  him  a  premium  c^ 
15  guineas.  Tlus  crane  is  shevm  in  ng.  S.  pi.  IX.  The  jib  of 
the  crane  stands  on  a  horizontal  beam,  moveable  on  a  centre  at 
a:  and  the  distance  of  the  centre  A,  from  the  bearing  of  the 
uprifffat,  being  to  the  distance  b,  in  proportion  of  1  to  80,  the 
wei^t  placed  at  b  determines  that  of  the  body  snapended 
in  £e  same  proportion,  c  is  a  stub,  or  [uece  of  wood^  which 
projects  from  me  weight  hangm^^  at  the  end  of  the  jib,  and 
aerves  to  prevent  the  beam  from  rising  to  too  great  a  he^^t. 

This  jib  should  be  placed  in  die  same  vertical  plane  with  the 
part  BA  of  the  crane,  at  the  time  the  weight  is  adjusted ;  other- 
wise it  will  occasion  a  friction  which  may  prevent  the  moveable 
beam  from  playing  freely.  The  other  parts  of  the  crane  are  so 
obvious  in  their  construction  as  not  to  require  a  more  minute 
description, 

6.  llie  society  just  mentioned  have  lately  voted  40  guineas 
to  Mr.  Robert  aaU,jun.  of  Basfcu-d,  near  Nottingham,  for  his 
ingenious  invention  of  a  method  to  expand  a  set  of  bars  parallel 
to  the  axis  of  a  crane,  by  which  means  the  velocity  of  the  rape 
in  raising  weights  may  be  increased  or  diminishfd  in  propor- 
tion to  the  load  to  be  raised. 

A  description  and  engraving  of  diis  crane  are  gpven  in  the 
twefth  volume  of  the  Societ/s  Transactious,  from  which  we 
have  drawn  up  the  following  account  of  it: 

The  eodsot  the  reel  (fig*  U  wad  6.  pi.  XIII.>  oonsist  eadi  of 
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two  flat  i^tes  or  dfeukr  piecei,  afaetihl  stlNitstdy  ia  fif*  2. 
and  3.  These  circular  pktes  form  die  two  tods  of  die  reel» 
md  sre  lieU  fiiat  on  the  spindle  or  axis  by  pins  passed  throngh^- 
lit  ends,  of  wfaicfa  one  may  be  seen  at  a,  fig.  3.  and  anotherm 
the  end  shewn  in  fig.  5.  llie  outer  circubr  plate  (fig.  3.)  of 
each  end  of  the  red  haa  a  spiral  groore  cnt  in  it,  as  ihewn  at 
b;  and  die  inner  circles  have  each  e%ht  mortices  cut  quite 
through  them,  as  Aewn  at  c,  fig.  2.  (seen  partly  also  in  fig.  1« 
and  5.).  The  outer  plates  have  also  an  iron  tube,  d,  madtf  fait 
to  them  by  means  of  a  flange  or  collar,  and  the  screws  tfe,  fig,  ff. 

When  the  parts  are  all  joined  (as  shewn  in  fig.  I«),  the  wt\t 
f  passes  throngh  the  tube  a,  and  thus  die  ends  are  conneetelk 
In  fixing  the  cross  bars,  two  of  which  are  shewn  detached  ilk 
fir.  4.,  the  parts  gg  slide  in  the  mortices  t  of  the  inner  circulur 
plates,  and  die  small  ends  or  tenons  hh  go  fairly  through  thfe 
moer  and  enter  the  spiral  grooves  of  the  outer  plates# 

Hie  inner  and  outer  circular  plates  are  locked  together  by  a 
catch  (t,  fig.  1. 2.  and  6.)  the  stationary  part  of  which  is  made 
Int  to  the  raner  plate  (see  fig.  9.),  while  the  catch  itself,  by 
sneans  of  a  spring,  is  kept  in  a  notch  on  the  edge  of  the  oiit«r 
|date.  When  the  diameter  of  the  reel  is  to  be  enlarged  or  4Snd- 
nished,  it  is  efiSM:ted  by  bringing  the  reel  round  to  the  posttion 
shewn  in  fig.  6.,  when  a  hook  k  is  put  into  a  hole  /,  which  keeps 
the  inner  circular  plate  in  diat  position  till  the  adjustment  te 
made  bj  lifting  the  catch  from  the  notch  of  the  outer  end*plate 
far  enough  to  be  kept  disengaged  by  the  hook  A,  before  menttoned^ 
being  thrust  ^uite  through  the  hole  /;  the  handle  m  being  tton 
tamed,  the  outer  plate  only  is  carried  round,  and  the  tenons  oi' 
small  ends  of  the  cross  bars  (being  pKvented  from  being  carried 
TOtmd  with  it,  by  the  mortices  of  die  inner  plates  dirough  whkli 
thqr  pass  being  stadonary)  are  obliged  lo  change  their  distance 
from  the  aiis  by  the  spiral  groove  sliding  over  them,  while  they 
SK  able  to  move  nearer  or  further  from  the  axis  by  sliding  in 
radial  mortices  of  the  inner  end  plate. 

Tlie  handle  ai  bemg  turned  till  the  red  is  of  the  nse  re^uirid, 
the  hook  k  is  wididnwn  or  pushed  ou^  and  the  crane  is  thato 
ready  for  work. 

It  iff  necessary  to  observe  that  the  tenons  hh  must  be  cut,  so 
timt  the  outside  of  all  the  barn  next  the  rope  shall  be  at  an  equal 
distance  from  the  centre.  If  tue  tenon  of  die  first  bdr  that  is 
phured  in  the  reel  be  cut  like  the  tenons  hh^  fig.  4.  tlie  last  of 
them  must  be  cut  the  same  as  the  tenons  mh,  fig.  4.  ^  and  all  the 
other  tenons,  at  the  extremities  of  the  several  bars,  must  be  at 
proper  distances  betwieen  these  extrenuss,  as  is  shewn  by  the 
dots  p  in  the  mortices  fig.  £. 

The  odser  parts  of  the  crane  may  be  so  eaaily  understood 
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(torn  an  ui8peclio&  of  die  eraravbg,  that  aoj  farther  descrip- 
tiOA  is  unneceisafy.  (PAi/.  Jfo^.  No.  7  h) 

7.  But  the  several  cranes  described  in  this  article  as  prefer- 
able to  the  common  walking-cran^  while  thej  are  free  from 
the  dangers  attending  that  machine,  lose  at  die  same  time  one 
of  its  advantages ;  that  is,  they  do  not  avail  themselves^  of  dial 
addition  to  the  movmg  power  which  the  weight  of  the  men 
who  are  employed  may  furmsh.  Yet  thb  advantage  has  been 
loo^  since  ensured  by  the  mechanists  on  the  contineitt^  who 
cause  the  labourers  to  walk  upon  an  indidbd  plane^  turning 
upon  an  axis,  after  the  manner  shewn  in  the  figure  referred  to 
under  the  article  Footmillf  where  we  have  described  a  contri- 
vance of  that  kind,  welUknown  in  Germany  full  15Q  years 
-ago.  The  same  principle  has  been  lately  lHt>ught  into  notice, 
•probably  without  knowing  it  had  ever  been  adopted  before,  by 
Mr.  Janm  IVIg/te,  of  Chevening,  in  Kent :  his  crane  is  exhibited 
in  fig.  S.  and  4.  pi.  X.  as  it  was  described  in  the  Transactions  of 
the  Society  for  the  Encouragement  of  Arts. 
/  >  ▲  (fig.  6.)  is  a  circular  inclined  plane,  moving  on  a  pivot 
underneath  it,  and  carrying  round  widi  it  the  axis  x.  A  person 
walking  on  this  plane,  and  pressing  against  the  lever  6,  throws 
off  the  gripe  d,  by  means  of  an  iron  rod  c ;  and  thus  admits  the 
plane  and  its  axis  to  move  freely,  and  raise  the  weight  o  by  the 
coiling  of  the  rope  f  round  the  axis  e. 

To  shew  more  clearly  the  construction  and  action  of  die  levvr 
and  gripe,  a  plan  of  the  circular  inclined  plane,  with  die  lever 
ttd  gripe,  is  added  (see  fig.  4.),  where  b  represents  the  lever,  b 
die  spring  or  gripe.  In  this  plan,  when  the  lever  a  is  in  the 
aitaation  m  which  it  now  appears,  the  spring  or  gripe  d  presaes 
against  the  periphery  of  the  plane,  as  shewn  by  the  double  line; 
aiid  the  machine  cannot  move ;  but  when  the  lever  b  is  pressed 
out  to  the  dotted  line  h  the  gripe  is  also  thrown  off  to  the 
dotted  line  i,  and  the  whole  machine  left  at  liberty  to  move. 
One  end  of  a  rope  or  cord,  of  a  proper  length,  is  fixed  near  the 
end  of  the  lever  b,  and  the  other  end  made  fiist  to  one  of  the 
uprights,  serving  to  prevent  the  lever  moving  too  fiir  when 
pressed  by  die  man. 

The  supposed  properties  of  this  crane,  for  which  the  prensiom 
of  40  guineas  was  adjudged  by  the  society  to  the  inventor,  ase 
as  follovi^: 

!•  It  b  simple,  consisting  merely  of  a  wheel  and  axle.  2.  It 
•  has  comparatively  litde  friction,  as  is  obvious  *from  the  bare 
inspection  of  the  figure.  3*  It  is  durable,  as  is  evident  from, 
the  two  properties  above-mentioned.  4»  It  is  safe;  for  it  can- 
not move  but  durioe  the  pleasure  of  a  man,  and  while  he  is  ao» 
tually  pressing  on  the  gript-Iever*    5»  Una  crane  admits  of  an 
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almost  infinite  variety  of  different  powers,  and  tfiis  variation  is 
obt&ined  Mithout  the  least  alteration  of  any  part  of  the  machine; 
If,  in  unloading  a  vessel,  there  should  be  found  goods  of  everf 
weight,  from  a  few  hundreds  to  a  ton  and  upwards,  the  man 
that  does  the  work  will  be  able  so  to  adapt  his  strength  to  each 
as  to  raise  it  in  a  space  of  time  proportionate  to  its  weight ;  he 
walking  always  with  the  same  velocity  as  nature  and  his  greatest 
ease  may  teach  him. 

It  is  a  great  disadvantage  in  some  cranes,  that  they  take  as 
long  time  to  raise  the  smallest  as  the  largest  weight,  unless  the 
man  who  works  them  turn  or  walk  with  such  velocity  as  must 
soon  tire  him.  In  other  cranes,  perhaps,  two  or  three  different 
powers  may  be  procured ;  to  obtain  which,  some  pinion  must 
be  shifted,  or  fresh  handle  applied  or  resorted  to.  In  this  crane, 
on  the  contrary,  if  the  labourer  find  his  load  so  heavy  as  to 
permit  him  to  ascend  the  wheel  without  its  turning,  let  him 
only  move  a  step  ortwo  toward  the  circumference,  and  he  will 
be  fully  equal  to  the  task.  Again,  if  the  load  be  so  light  as 
scarcely  to  resist  the  action  of  his  feet,  and'thus  to  oblige  him  to 
run  through  so  much  space  as  to  tire  him  beyond  necessity,  let 
him  move  laterally  towards  the  centre,  and  he  will  soon  feel  the 
place  where  bis  strengtb  will  suffer  the  least  fatigue  by  raising 
the  load  in  question.  One  man's  weight  applied  to  the  extre^ 
mity  of  the  wheel  would  raise  upwards  of  a  ton ;  and  it  need  not 
be  added,  that  a  single-sheaved  block  would  double  that  power. 
Suffice  it  to  say,  that  the  size  may  be  varied  in  any  requirekt 
ratio ;  and  tiiat  this  wheel  will  give  as  great  advantage  at  any 
point  of  its  plane  as  a  common  walking-wheel  of  equal  £ameter, 
to  the  inclination  can  be  varied  at  pleasure,  as  far  as  expe^ 
4iency  may  require.  It  may  be  necessary  to  observe,  that  what 
in  the  figure  is  the  frame,  and  seems  to  form  a  part  of  the 
crane,  must  be  considered  as  a  part  of  the  house  in  which  it  is 
placed ;  since  it  wonid  be  mostiy  unnecessary  should  such 
cranes  be  erected  in  houses  already  bnilt.  With  respect  to  the 
horizontal  part,  by  walking  on  which  the  man  who  attends  Ae 
jib  occasionally  assists  in  raising  the  load,  it  is  not  an  essential 
part  of  this  invention,  vriiere  the  crane  is  not  uoomediately  cootr* 
guous  to  the  jib,  altiiough,  where  it  is,  it  would  be  certmnly 
very  convenient  and  economical. 

NotwithstandHi|,  however,  the  'advantages  which  have  been 
here  enumerated,  Mr.  Whyte's  crane  is  subject  to  diis  theore- 
tical objection,  tihat  it  derives  less  use  than  might  be  wished 
ftom  the  weight  of  the  man  or  men:  for  a  great  part  of  that 
wdght  {half  of  it,  if  the  inclination  be  30  degrees)  lies  directly 
upon  the  plane,  and  hat  no  tendencv  to  prodnce  motion.  B&> 
aides^  when  this  crane  is  of  smau  dimei^ns;  the  effsctive 
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power  of  the  men  is  wy  unequal,  and  the  barrel  too  nupll  for 
yonding  a  thick  rope :  when  large,  the  weight  of  die  materials 
added  to  that  of  the  men  put  it  out  of  shape^  and  give  it  dw 
fppearance  of  a  large,  unwiel4y,  moving  floor.  We  kpow  one 
Utrge  crane  of  this  construction,  which  has  an  upright  post  near 
the  rim  on  each  aide,  to  support  it  and  keep  it  in  dbape ;  and,  as 
much  as  possible  to  prevent  friction,  each  post  had  a  vertical 
wheel  at  its  top.  We  were  informed  this  crane  was  seldoffi 
used,  and  that  it  was  soon  put  out  of  order.  Nor,  moreover,  is 
it  every  8ituation  that  will  allow  the  crane-rope  to  form  a  right 
angle  with  the  barrel  on  which  it  winds,  and  when  this  aqgle  is 
0bUque  the  friction  nuist  be  much  increased.  The  friqtioa 
arising  from  the  wheels  at  top  of  the  vertical  crutches  might, 
indeed,  be  got  shut  of,  by  making  the  inclined  wheel  very 
strong ;  but  this  would  add  greatly  to  the  friction  of  the  lower 
gudgeon  of  the  oblique  shafts  ^^  considerably  enhance  the  ex* 
pence  of  the  machine* 

8.  There  remains^  then,  another  stage  of  improvement  with 
regard  to  the  structure  of  cranes,  in  which  tlie  weight  of  the 
labourers  shall  operate,  without  diminution,  at  the  end  of  a 
kdorizontal  lever;  and  in  which  the  impulsive  force  thus  acisttig 
in«y  be  occasionally  augmented  by  the  action  of  the  handii  either 
ii|  pushing  or  lifting.  This  step  in  the  progress  has  been  lately 
effected  by  Mr.  David  Bardie^  of  the  £ast-India  Company's 
Bengal  warehouse*  After  a  few  preliminary  ob^erjvatioiis,  we 
shall  point  out  the  distinguishing  particulars  of  this  gentleman'^ 
iBventioik 

The  capstan,  the  wheel  and  pinion,  with  a  winch,  and  the 
mlkipg-wheel,  are  the  cranes  in  common  use  at  the  present 
^e^.  though  a  slight  view  of  die  method  of  working  these 
^m^bipes  might  be  sufficient  to  shew  that  they  are  esi^enti^ly 
def(^ctive  in  r^rd  to  the  grand  object  in  procurii^  the  force 
^f  men,  on  which  the  quantity  of  work  performed  necessarily 
dqpends.  The  ci^stan  and  ^alkuig- wheel  call  for  Uttle  ur  aa 
vm  of  the  arms;  and  the  crane  of  the  wheel  and  pniiou  derives 
Yei^  litUe  advantege  from  the  legs,  while  the  force  of  the  men 
mtm%  upon  the  winch  must  of  neces4ty  bcf  very  fluct^adi^. 
At  the  capstan,  and  wheel,  m^  pinion,  a  eonsiderabie  for^  i^ 
expended  unproductively  in  giving  action  to  the  greater  part  ol 
the  men's  weight,  whi^  does  not  contubute  to  the  moving 
pawerof  the  machines ;  th^  power  actually  exerted  seldom  ei^- 
eeediag  20 lbs.  at  a  moderate  velocity.  The  mercjiants.and 
5llh»rfingers  wWd  iastantj^y  discharge  from  their  service  aojr 
fMl^  who  would  refase  to  cany  a  load  of  op^re  than  tiQ  Ibs^ 
yel  these  veiy  nnercWiJte  aad  wWfiagef «  fre  daily  pacing  iuU 
'mfim  10  cfKieiMit  fat  wmm%  %  force  .which,  wh^a  duly  ap* 
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pKedy  18  gread  J  widira  the  power  of  ia  boy  of  ten  or  twdye  years 
of  age.    And  as  to  the  common  walking-wheel,  the  men  who  are 
stationed  within  it  expend  a  great  portion  of  their  strength  in 
raoving  themselves  ybnrirrd;  which  proves  unproductive,  be- 
cause the  effectire  velocity  is  only  according  to  the  sum  of  the 
heights  attained,  and  the  waste  of  force  through  such  unprofit- 
able deviation  from  the  vertical  direction  renders  the  men  in- 
capable of  the  due  velocity  of  ascent :  besides,  the  velocity  of 
descent,  which  ought  to  be  proportional  to  a  due  velocity  of 
ascent,  is  materially  impaired  by  the  shortening  of  the  effective 
lever  in  the  course  of  its  depression,  and  a  consequent  diminu- 
tion of  mechanical  power;  and  these  obstructions  are  frequently 
aggravated,  by  placing  .men  m  the  wheel  to  walk  behind  the 
others.    And  when  this  loss  of  labour  by  the  often  counter- 
operation  of  a  rear  rank  is  avoided  by  applying  an  additional 
wheel,  the  machine  occupies  much  space,  becomes  extreme!? 
expenmve,  and  is   attended  with   extraordinary  friction.    Af- 
though  nothing  but  necessity  can  justify  the  hazarding  of  the 
lives  of  men,  yet  the  walking-wheel  is  attended  with  imminent 
danger;  and  being  a  very  defective  engine,  employed  without 
other  necessity  or  expediency,  those  persons  who  use  them  are 
responsible  to  humanity  for  the  shocking  disasters  they  fre- 
quently occasion.     But  the  various  evils  just  enumerated,  as 
well  as  many  others  which  attend  the  cranes  now  adverted  to, 
have  been  obviated  in  a  very  effectual  manner  by  Mr.  Hardie ; 
whose  crane  is  at  once  so  simple  and  eflScient,  as  to  render  it  no 
easy  task  to  point  out  any  faults  which  it  has  not  avoided,  or 
any  defects  which  it  has  not  suppKed.     It  is  a  walking-crane ; 
but  the  men  walk  on  the  outside  of  the  wheel,  instead  of  mside 
of  the  rim ;  and  during  the  whole  of  their  labour  thqr  are  eXf- 
posed  to  no  kind  of  danger,  and  they  can  walk  in  an  upright 
posture,  well  suited  to  free  respiration.     Five  cranes  of  the  kmd 
are  at  work  at  the  East^India  warehouses :  and  as  the  contri* 
vance  (for  which  Mr.  Hardie  obtained  a  patent  about  IdOS^) 
must  uhimately  prove  a  considerable  acquisition,  we  have  ex- 
amined the  construction  and  mode  of  operation  of  two  of  these 
machines  with  particular  attention,  that  we  might  be  enabled  to 
furnish  the  public  with  the  following  description. 

The  reader  may  turn  to  phite  XI.  where  fig.  1 .  is  an  elevatioa 
of  the  side  of  the  crane  on  which  the  men  operate. 

fig.  2.  An  elevation  of  the  end  of  the  stage  to  assist  the  mea 
in  stepping  on  and  off  the  wheel,  as  well  as  to  support  a  seat 
for  them  to  rest  upon,  in  the  intervals  between  the  operations. 
The  edgef  of  this  stage  does  not  stand  more  than  4  inches  froift 
thepoiat  $  by  which  the  edse  of  each  step  passes. 
Ing.  S.  An  devation  of  me  end  of  the  wheei 
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Fig.  4.  An  elevatioD  of  the  side  of  the  crane,  o|[>po8ite  to  that 
given  in  fig.  1.  The  same  letters  of  reference  being  put  to  die 
corresponding  parts  in  these  figures. 

A  A  is  a  wheel  (on  the  principle  of  the  wheel  used  in  China 
for  men  working  at  the  chain-pump,  for  raisiug  water  to  the 
higher  grounds,  employed  in  the  culture  of  rice),  on  the  outside 
of  which  are  placed  24*  steps  for  the  men  to  tread  upon,  at  a 
situation  where  the  steps  are  found  at  a  height  equal  to  that  of 
the  axis,  or  where  the  plane  of  the  steps  becomes  horizontal  ; 
the  diameter  of  the  wheel  being  6  feet,  steps  included.  The 
crane  represented  in  the  figure  is  adapted  for  4  men ;  though 
they  may  easily  be  contrived  for  5,  6,  or  8.  At  one  end  is  b, 
the  crane  rope  barrel,  of  a  diameter  suited  to  the  drafts  of  goods 
commonly  raised,  and  the  number  of  men  generally  allowed, 
M'ith  c  a  Ijrake- wheel,  all  fixed  on  the  same  axis,  and  d  a 
brake  attached  to  the  framing  of  the  crane,  to  press  on  the 
brake-wheel,  occasionally  to  stop  or  retard  the  motion ;  being 
conducted  by  a  man  at  the  loop-hole  by  means  of  s,  a  lever 
of  wood,  loaded  with  a  piece  of  lead  or  cast-iron  at  the  ex- 
tremity, to  give  it  sufiicient  >veight  to  stop  the  motion  of  the 
wheel ;  a  rope  fastened  to  the  end  of  this  lever,  and  conveyed 
over  two  puUevs,  terminates  in  a  handle  for  the  loop«hoIe  man, 
with  an  iron  nng  at  the  lower  part  thereof  to  receive  a  pi^, 
fixed  at  the  side  of  the  loop-hole  for  tlie  purpose  of  keeping  it 
down,  that  the  lever  might  disengage  the  brake  from  the  brake- 
wheel  during  the  operation  of  raising  the  goods,  o,  g,  g,  g/o, 
are  vertical  handles,  and  h,  h,  h,  h,  h,  horizontal  handles  for 
the  men  to  take  hold  of  with  both  hands,  when  treading  on  die 
steps:  sometimes  both  hands  are  applied  to  the  vertical  handles ; 
at  others,  one  hand  to  a  vertical,  and  the  other  to  a  horizontal 
handle ;  and  at  others,  both  hands  to  the  horizontal  handles ; 
thus  producing  a  variety  in  the  action,  and,  when  necessary,  a 
considerable  augmentation  to  the  force,  i  (fig.  1 .  and  3.)  is  a 
pawl  whicli  drops  in  at  every  step,  to  prevent  the  wheel  and  its 
mcumbent  weight  from  overpowering  the  men  at  any  time :  it 
has  at  its  lower  part  a  cord  with  a  loop  to  pass  over  one  of  the 
horizontal  handles,  near  the  extremity  of  which  there  is  a  notch 
sufficiently  deep  to  retain  the  loop  when  drawn  into  it,  for  tlie 
purpose  of  raising  the  pawl,  to  disengage  it  from  the  wheel 
preparatory  to  the  operation  of  lowering  the  goods  or  crane- 
rope. 

Now  it  is  obvious,  that  by  treading  on  the  steps  as  they  arrive 
at  the  position^,/  (figs.  1.  3.),  just  above  the  horizontal  plane, 
passing  through  the  axis,  the  men  both  ascend  and  descend  nearly 
m  the  vertical  direction :  of  consequence,  the  ffreatest  possible 
velocity  is  produced  without  any  unproductive  labour  j  and  the 
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men  are  enabled  lo  maintain  the  action  by  means  of  a  hold  of 
an  upright  handle  on  each  hand ;  or  occasionally  to  augment  the 
action,  by  pushing  at  these  handles.  Further,  by  taking  hold  of 
the  horizoutal  handles,  each  man  can,  by  an  act  similar  to  that 
of  lifting,  augment  the  force  arising  from  his  weight  through 
all  the  degrees,  from  about  160  to  300  lbs.  So  that  the  same 
number.of  men  can  perform  many  operations  of  raising  greater 
drafts  than  usual ;  such  as  with  the  common  walking-wheel  or 
most  other  cranes  could  not  be  accomplished  without  additional 
.  men :  and  the  pawl  which  drops  in  each  stop  provides  in  the 
most  effectual  manner  for  the  safety  of  the  men,  even  if  the 
crane  had  not  been  so  constructed  that  their  feet  need^  never  be 
more  than  12  inches  distant  from  the  stage  s/,  and  the  distance 
/s  far  too  small  to  admit  of  falling, througn.  Thus  the  very 
judiciously  chosen  dimension  of  a  6«feet  diameter  unites  the  ad- . 
vantages  of  a  weight  acting  on  a  horizontal  instead  of  inclined 
lever  with  those  accruing  from  the  vertical  and  horizontal 
bandies ;  while  it  completely  precludes  the  danger  which  at- 
tends the  common  wdking-wheel,  and  has  by  no  means  to 
much  friction  as  necessarily  attends  Mr.  Whyte's  crane. 

Mr.  Hardie  has  likewise  contrived  a  truly  advantageous  mode 
of  operating  without  a  gibbet,  which  he  has  carried  into  effect 
with  four  of  his  cranes.  He  has  placed  the  crane  at  the  top  of 
the  warehouse,  so  as  to  allow  the  crane-rope  to  drop  directly 
down  from  the  barrel  of  the  crane  in  front  of  the  loop-holes ; 
and  at  the  upper  floors,  where  the  shortness  of  the  rope  dimi- 
nishes the  swing  of  the  goods  in  or  out  of  the  loop-holes,  he  has 
provided  a  sliding  floor  immediately  under  the  floor  of  the  ware- 
house, which  one  man  draws  out  or  in,  by  pulling  a  cord,  with 
the  greatest  ease,  to  receive  or  deliver  the  goods  by  a  truck  at 
the  loop-hole.  The  part  of  the  warehouse  floor  which  is  im- 
mediately above  the  sliding  floor  consists  of  a  thin  plate  of  cast 
iron,  which  allows  the  truck  to  run  off  the  one  on  the  other 
without  any  obstruction.  Thus  more  than  one  man's  labour  in 
Ave  or  six  is  saved,  by  getting  rid  of  the  friction  of  the  pulley 
of  a  sibbet;  and  a  still  greater  saving  of  labour  is  effected  by 
accelerating  all  the  movements  at  the  loop-holes. 

9.  The  common  method  of  lowering  goods  by  the  brake  and 
brake-wheel,  even  with  the  assistance  of  a  counter-weight,  is 
liable  to  injurious  accidents  to  the  men,  as  well  as  to  the  goods, 
when  they  consist  of  perishable  articles,  such  as  wine,  spirits, 
glass,  &.C.  Sometimes,  from  the  rapid  motion  of  the  crane, 
parts  of  it  fly  off  with  violence,  and  kill  or  woimd  the  persons 
near  it :  at  other  times  the  brake-rope  becomes  entangled  by 
turning  off  the  pulleys  or  othervrise,  or  the  rope  slips  out  of  the 
hand  oif  the  man  who  conduct  it:  in  either  of  which  cases  the 
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^oods  might  descend  widi  all  the  accelerated  velocity  of  a  fall- 
liig  body,  receiving  damage,  and  killing  or  maiming  the  men, 
horses,  &c.  which  happen  to  be  nnder  them.  But  these  evils 
are  completely  remedied  by  a  lowering  reguMor  of  the  follow- 
ing description,  invented  by  Mr.  Hardie. 

Pi.  XI.  fig.  5.  A  section  of  the  regulator. 

Kg.  6.  An  elevation  of  one  end  of  the  regulator.  The  same 
letters  of  reference  being  put  to  the  correspon(fing  parts  in  diese 
%ures. 

A  A,  a  cast-iron  box  fixed  to  the  floor  b,  divided  into  two 
compartments,  each  10  inches  long,  one  of  4  inches  diameter, 
and  the  other  of  2  inches  diameter :  these  are  both  filled  with 
oil,  ii  liquid  not  subject  to  any  material  change  by  frost ;  or 
they  may  be  filled  with  water  in  summer  and  mild  weather,  and 
some  spirituous  liquor  (gin,  for  instance)  in  frosty  weather.  Tlie 
two  cylinders  communicate  with  each  other  by  c,  an  aperture 
at  their  top,  and  d,  an  aperture  at  their  bottom ;  the  smaller 
compartment  having  a  cock  b,  with  its  axle  passing  through  the 
side  of  the  iron  box,  guarded  by  a  stuffing-box,  and  g  a  qua- 
drant with  notches  fix^  at  its  end,  to  receive  h  the  iron  claw, 
which  keeps  the  cock  in  its  proper  situation,  and  shews  the  ex- 
tent of  its  apertures  when  opened.  The  larger  compartment 
has  a  piston  f,  with  its  rod  passing  through  i,  the  top  of  the  iron 
box  (guarded  here  also  by  a  stuffing-box),  and  passing  through 
a  ^uide :  this  rod  is  connected  with  a  joint  moved  by  a  crank, 
which  is  turned  by  a  pinion  p  of  about  six  teeth ;  and  diis  pinion 
is  moved  by  a  wheel,  of  a  size  suited  to  the  diameter  of  the  bar- 
rel of  the  crane  and  the  weight  of  the  goods  commonly  lowered  r 
this  latter  wheel  is  fixed  to  the  axle  of  the  crane  by  a  simple 
mode  of  connection,  which  admits  of  its  being  disengaged 
during  the  operation  of  rising ;  it  is  also  provided  with  the  . 
barrelrope  and  counter- weight,  which  are  commonly  used  for 
the  purpose  of  winding  up  die  slack  crane  rope  on  the  barrel 
of  the  crane,  to  be  ready  to  repeat  the  operation  of  lowering. 

If  the  cock  B  were  quite  shut,  the  oil  or  other  Hquid  confined 
between  it  and  the  piston  would  prevent  the  piston  from  mov- 
ing; and  of  course  hinder  the  goods  hanging  from  the  wheel,  &c. 
connected  with  t>  from  descending :  but  if  die  cock  were  opened 
a  very  little  the  oil  would  pass  slowly  through  it,  and  would 
therefore  allow  the  piston  F  to  move  up  and  down  slowly,  and 
the  goods  to  descend  slowly  also :  and,  in  like  manner,  a  further 
opening  of  the  cock  will  peimit  the  load  to  descend  with  a 
greater  vel«city  :  thus  the  cock,  by  being  more  or  less  opened, 
gives  the  precise  velocity  desired  to  the  descent  of  the  goods, 
whatever  their  weight  may  be. 

\V  hen  a  small  pinion  turned  by  a  windi  is  applied  to  the 
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tood^wheel,  occasioiiaUy  employed  la  tnim  the  piaion  of  lint 
cMwkj  one  man  with  ease  raises  the  goods  an  inch  or  two,  io 
order  to  be  swmig  from  the  iloor  preparatory  to  lowering;  tlie 
natural  defect  of  the  winch  as  a  raising  instrument  being  of  no 
consideration  in  such  case,  where  the  goods  are  raised  merely  to 
clear  the  floor:  so  that  this  crane  and  lowering  apparatus 
possesses  a  much  higher  degree  of  perfection  in  lowering  than 
miy  of  the  other  cranes.  The  means  afforded  of  regulating  it 
to  lower  either  small  or  great  weights  with  facility,  expedition, 
and  safety,  and  without  depending,  during  the  operation,  on  the 
precarious  attention  and  management  of  a  man,  render  it,  in 
oar  opinion,  far  preferable  to  the  hazardous  and  limited  mode 
of  lowering  goods  by  the  brake :  while,  with  respect  both  to 
safety  and  great  saving  of  labour,  it  obviously  surpasses  the 
modea  of  lowering  by  the  capstan  and  the  walking  wheel,  which 
require  nearly  the  same  number  of  men  to  lower  that  they  take 
to  raise  any  weight. 

We  have  dwelt  the  longer  upon  the  subject  of  cranes,  because 
it  is  manifestly  of  the  first  importance  in  a  commercial  nation : 
something  further,  of  too  much  utility  to  be  entirely  omitted, 
siay  perhaps  be  found  under  the  articles  enoinb  to  let  domn 
V€ignis^  GIBBET,  and  loa  ding  oW  utdoadinj^  qfgood$. 

Uran  a  is  also  a  popular  name  for  a  sypboa  employed  in 
drawing  off  liquors. 

Thitf  crane  or  syphon  is  nothing  else  than  a  bent  tube,  as 
ABO  (fig.  d.  pi.  X.)  If  the  shorter  end  ab  be  imnaersted  in  a 
Yessel  of  water  or  other  fluid  c,  then  by  applying  the  mouth  to 
the  end  c,  and  suckinjt  till  ^e  liquor  arrives  th^,  it  will  con- 
tinue to  flow  out  at  the  end  o,  as  long  as  that  end  is  lower  than 
the  surface  of  the  fluid  in  the  vessel  c.  If  there  be  a  moudi* 
piece  at  a,  then  sucking  at  that  mouth-piece  (while  the  end  C 
m  stopt  with  a  finger  or  otherwise)  will  make  the  fluid  flow 
when  the  obstruction  is  taken  away  from  g.  When  the  fluid 
has  begun  to  flow,  the  hole  at  s  must  be  stopped  up,  or  the  fluid 
will  flow  ao  longer  than  till  the  surface  in  the  vessel  be  as  low 
asjs. 

The  reason  of  the  motion  of  the  liquor  in  the  syphon  is  this : 
the  perpendicdar  height  of  the  coluaui  BO  being  greater  thaa 
that  of  BA,  the  fn^ssure  at  6  is  greater  than  at  A|  and  the 
fsessiireaf  the  atmospihere  being  the  sbbm  at  both  orifices  (sup- 
|K>siog  them  of  eoual  area),  dierefove  the  waght  at  9  wiH 
cause  the  fltiid  to  flow  out  theve,  while  flie  pressure  of  die  al- 
aaasphere  wtU  force  aM>re  liquor  up  the  end  a  ;  aad  thus  the 
laefion  will  coaiioae  so  long  as  there  is  any  fluid  in*  the  vessel, 
prairided  die  end  o  is  lower  than  the  end  a  of  the  syphon. 
Htvce  it  b  swmlsst  that. the  height  firem  the  surface  of  the 
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fluid  in  the  vessel  to  the  top  b  of  the  ajphon  must  not  exceed 
the  altitude  of  a  column  of  the  fluid  whose  weight  is  eqml  to 
the  pressure  of  the  atmosphere  on  the  same  base. 

Ine  operation  of  sucking  out  the  liquor  at  Q,  which  is  often 
both  disagreeable  and  troublesome,  may  be  prevented  by  having 
an  aperture  at  the  top  b,  through  which  the  syphon  may  be 
coAipleteiy  filledi  and  then  that  aperture  closed  ao^ain.  Or  a 
small  syphon  may  be  inverted,  and  filled  with  the  fluid,  which 
may  be  kept  in  by  a  finger  applied  at  each  end  until  it  is  placed 
in  the  proper  position  for  work,  M^ien  the  fingers  may  be  re- 
moved. 

iThe  syphon  will  raise  a  stream  of  water  through  an  exten- 
sive space  in  every  situation  where  a  little  descent  can  be  pro* 
cured ;  but  while  the  operation  continues,  no  water  can  be  taken 
directly  out  of  the  stream  above  the  lowest  part  of  the  tube. 
When,  however^  the  two  open  ends  of  a  syphon  are  closed,  a 
quantity  of  water  may  be  let  out  of  the  highest  part,  and  its 
place  supplied  by  introducing  a  like  quantity  which  is  of  no 
other  use :  all  the  avenues  for  the  purpose  being  then  dosed, 
and  the  stream  suffered  to  flow  through  the  tube,  the  useless 
water  will  be  displaced,  and  a  fresh  quantity  may  be  soon  after 
drawn  off.  This  mode  of  exchange  may  be  useful  in  furnishing 
a  supply  for  washing,  and  some  other  purposes ;  but  there  are 
several  domestic  uses  for  which  the  water  drawn  off  will  not  be 
thought  sufficiently  pure.  A  method  of  taking  water  out  of 
the  siphon  at  any  height  within  the  limits  of  the  elevation,  witfa^ 
out  retarding  the  stream  or  introducing  another  quantity,  has 
long  been  thought  very  desirable.  Mr.  fViUi4nn  Ctostf  of 
Dalton,  made  a  number  of  experiments  and  observations  to 
determine  the  practicability  of  the  project;  from  which  he  at 
length  deduced  the  following  arrangement  for  extracting  ^ 
quantity  of  water  out  of  a  syphon  at  any  elevation  (within  its 
limits),  and  supplying  its  place  with  air. 

Into  any  part  except  the  top  side  of  a  vertical  syj^n  sr 
(fig.  5.  pi.  X.)  ins^.two  sinali  pipes,  and  let  their  apertures  in 
the  insrae  of  the  tube  be  divided  by  a  projecting  piece  about  a 
quarter  of  an  inch  thick ;  wherever  die  pipes  are  inserted,  die 
piece  must  be  placed  in  such  a  position  that  the  current  will 
strike  against  one  of  its  flat  sides.  The  pipe  which  opens  on 
that  side  of  the  obstacle  or  dam  struck  by  the  stream  may  be 
called  the  water^ptpey  and  that  on  the  other  »de  the  oir-pqpe. 
Insert  their  other  ends  into  a  vessel  aw.  The  air-pipe  opposite 
to  a  must  rise  to  near  the  top  of  this  vessel,  bat  die  water-pipe 
w  need  not  arise  above  the  place  of  iu  insertioD.  A  cock,  per- 
fecUy  aiMight»  must  be  fixed  in  each  p^ie  between  the  vessel 
end  syphon :  die  vessel  am  must  beve  a  tsbe  t'mita  Jow«r  part, 
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for  letting  out  water ;  and  this  tube  must  hftve  m  cock  fixed  in 
it,  or  a  viUf  e  covered  with  leather  to  close  its  lower  end.  To 
hasten  the  delivery  of  the  water  in  this  vessel,  the  external  air 
may  be  admitted,  in  such  manner  as  is  most  convenient. 

The  communication  between  the  vessel  and  syphon  being  in- 
tercepted by  turning  the  ^ocks  in  the  pipes  aWf  and  the  branches 
of  the  syphon  closed  at  their  lower  ends,  the  tube  may  be  filled 
with  water  through  an  aperture  in  the  top.  After  this  aperture 
is  cloned,  and  a  stream  of  water  let  into  the  cistern  c  for  sup- 
plying the  syphon,  the  ends  of  the  branches  may  be  opened,  and 
a  continued  stream  will  flow  through  the  tube. 

When  it  is  required  to  fill  the  vessel  aw  with  water,  exclude 
the  external  air,  and  open  the  pipes  between  it  and  the  syphon* 
The  vessel  will  soon  be  filled,  and  the  water  may  be  let  out  by 
opening  the  tube  t,  after  the  small  pipes  aw  are  again  closed  by 
turning  their  cocks. 

The  water  may  be  let  out  of  the  vessel  without  attendance^ 
by  a  anantity  of  water  passing  through  four  vesseb  placed  in 
the  following  order  one  below  another,  and  each  provided  with 
a  syphon. 

1.  The  highest,  an  immoveable  vessel  filled  in  a  given  time. 
2.  A  descending  vessel,  suspended  from  a  lever  or  a  wheel, 
which  turns  the  cocks  in  the  tubes  oppoMte  aw  in  its  axis.  This 
vessel  must  have  a  tube  open  at  both  ends,  fixed  in  the  middle 
of  its  bottom.  S.  A  descending  vessel,  to  open  the  valve  for 
letting  water  out  of  the  vessel  aw.  It  must  be  suspended  upon 
the  valve  by  a  cord  or  wire  passing  through  the  tube,  in  the  mid* 
die  of  the  second  vessel.  4.  The  lowest,  a  vessel  of  the  same 
width  with  the  second.  The  brim  of  it  must  be  connected  to 
Ae  outside  circumference  of  the  bottom  of  the  second,  by  wires 
or  chains. 

In  this  arrangement  the  first  vessel  will  empty  itself  into  the 
second,  which  will  close  the  cocks  in  the  pipes  opposite  a  and 
Wf  before  air  is  admitted  into  the  vessel  aw.  The  third  will  be 
filled  from  the  second,  and  the  water  in  the  vessel  at-will  be 
let  oat  again ;  the  third  will  deliver  its  contents  into  the  fourth 
or  lowest,  which  will  keep  the  cocks  in  the  small  pipes  opposite 
a  and  w  close,  until  after  the  third  vessel  is  empty,  has  risen  uj^ 
and  the  external  air  can  no  longer  enter  the  vessel  aw.  The 
fonrth  being  then  emptied  by  iu  syphon,  the  pipes  between  the 
vessel  am  and  syphon  sy  will  open. 

The  dianieter  of  the  second  vessel  should  be  something  less 
than  either  diat  above  or  below  it.  The  fourth  should  be  filled 
before  the  second  is  empty :  the  third  will  descend  last,  and  rise 
first:  the  second  and  fourdi  will  rise  together^  immediately  after 
the  third.    If  the  second  uid  fourth  were  to  nse  before  the  third 


Digitized  by 


Google 


174  MACHINES. 

the  BypboM  w^iiid  dBrectly  receive  m  aurality  of  eitenid  oir,  and 
its  openitimM  would  cease.  It  will,  therefore,  require  imidi 
cRUtion  to  manftge  Ae  cocks  and  valves,  if  another  Tesael  aitBi* 
lar  to  oft^  is  4o  be  filled  while  this  last  is  efiiptied,  awl  amptiad 
vrfnle  it  is  filled. 

The  vessel  aw  should  not  be  large ;  and,  in  order  to  over* 
come  the  buoyance  of  the  extracted  air,  it  is  advisable  to  aaaloe 
the  length  of  the  descending  branch  of  the  syphon  ^iceed  the 
length  of  the  ascending  one  as  tnooh  as  drcmnstanees  will  ad- 
mit,  and  to  let  the  lowest  part  of  it  be  made  of  a  conical  diver;g- 
ent  form.  The  velocity  of  the  stream  will  be  thus  increased ; 
Ae  vessel  aw  will  be  sooner  filled  with  water ;  and^the  depres- 
sion of  the  tvro  columns  will  be  less  liable  to  happen  from  very 
slight  imperfections  of  worknuinship.  (Nkhouon's  Jmtrmmij 
4to.  vol.  IV.  p.  550.) 

Mr.  Close  made  many  sabse<}uent  trials,  to  bring  this  appa- 
ratus to  &e  greatest  perfection  it  would  admit  of:  the  resim  of 
the  whole  may  be  seen  in  No.  45.  of  die  New  Series  of  Nichok* 
son^s  Journal,  where  Mr.  Close  has  given  the  descrtptioa  aad 
effects  of  an  apparatus  for  raising  water  by  means  of  air  con- 
densed in  its  descent  through  an  inverted  syphon. 

Nearly  analogous  to  this  contrivance  by  Mr.  Close,  is  the 
syphon  machine  of  Mr.  DetrouviUe,  described  by  M.  Hachstta 
in  bts  Trait6  Ei^raentake  des  Machines. 

M.  Venturi,  also,  of  whom  mention  is  made  in  the  I  st  voL 
of  tins  work,  has  so  blended  his  discovery  of  Ae  laieml  eon- 
rnmncation  of  motion  in  fluids,  with  the  principle  of  the  syphoB, 
as  to  raise  water  out  of  a  lower  reservoir,  and  pass  off  u  ith  tiio 
water  spouting  from  a  higher  one.  Imagine  that  not  ttore  titum 
60  feet  below  die  horizontal  pipe,  whose  orifice  is  cd  (fig.  5. 
pL  XVII.  vol.  I.)  there  is  a  reservoir  from  which  we  wish  to 
raise  water  by  means  of  a  syphon.  Let  the  longer  branch  of 
that  syphon  rise  vertically  from  the  curface  of  the  water  below, 
till  it  is  a  few  inches  above  the  hortaontal  pipe  psn,  and 
then  tJtn  so  diat  the  descencUmr  branch  shall  jast  enter  the  top 
t>f  that  horixontal  pipe;  the  place  of  iuaertion  being  readerad 
^-tight  Then,  while  water  in  the  vessel  mhop  escapes 
4m>ugh  the  horizontal  pipe,  it  will,  by  virtue  of  the  lateral 
communication  of  motion  in  fluids,  carry  on  wi<h  it  a  portans 
of  w  from  the  syphon.  Thus,  rarefying  die  air  left  behmd,^ 
water  in  the  lower  reservoir  will,  by  means  of  the  Sftntospbetit 
pressure,  be  thrust  up  the  rising  branch  of  the  syphon.  This 
operation  continuing,  in  a  very  short  tine  the  air  will  all  be  ex* 
polled  from  the  syphon,  and  the  saane  bieral  commnuicnti—  of 
motion  will  be  the  meaas^of  drawing  water  from  the  lower  re- 
servoir so  long  as  it  contiuues  to  flow  finom  the  upper  one. 
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CYUNBERS/or  stbam  bnoinbs^  b^rmg  tfi  it  ui  ope* 
ratioo  iiiuaUy  earned  on  at  the  fouodery  wbere  ^ey  are  cast. 
Tbouch  the  moulder  piirsue^  the  most  conect  method  his  art  is 
cajaueof,  yet  it  is  isiposuble  to  be  certain  that  when  die  inottld 
lias  received  the  metal  from  the  furoace  it  shall  come  out  quita 
straight ;  and  if  it  should  come  out  crooked  it  must  remaia  so; 
for  the  old  oiethod  of  boring  will  never  make  it  otherwise  in 
that  respect.  It  is  not  like  boring  a  piece  of  metal  whidi  is 
quite  solid,  as  in  boring  guns,  8cc.  All  the  old  boring  can  do 
to  a  cylinder  is  to  make  it  round  and  smooth,  for  there  is  no- 
thing  to  conduct  the  boring  bit  in  its  progress  through  the  piece 
but  the  form  given  it  by  the  moulder;  and  a  piece  bored  after 
this  manner  may  look  very  well,  yet  if  it  is  not  straight  it  is  not 
a  cylinder :  and  an  engine  executed  with  such  a  vessel  as  that 
will  be  good  or  ill  in  that  respect,  as  it  approaches  to  or  is  fwr* 
tfier  off  the  degree  of  exactness  constituting  it  a  cylinder. 

The  new  method  of  boring  (which,  as  is  observed,  article 
8TEAM  EN G IKE,  was  first  practised  at  Burham,  a  foundery 
belong'mg  to  Mr.  Wilkinson,  iron^naster)  insures  ail  the  pei^ 
fection  the  subject  is  capable  of;  and  when  the  proce^  is  con- ' 
ducted  by  an  intelligent  workman,  if  the  cylinder  should  be  cast 
ever  so  crooked,  or  ever  so  thick  on  one  side  more  than  another, 
be  can  take  out  the  redundancy  on  that  side,  and  but  scarcely 
touch  the  other.  This  will  be  easily  admitted  when  it  is  under- 
atood  that,  whereas  in  the  old  method  of  boring  the  instrument 
which  performs  the  part  of  cutting  the  metal  is  guided  in  its 
progress  by  the  already  incorrect  form  of  the  piece  itself;  b«t 
in  the  new  method  the  cuttiug  apparatus  is  conducted  along  a 
thing  which  in  itself  is  a  master-piece  of  workmausbip,  a  peiw 
feet  cylinder,  and  is  what  the  worknien  call  the  boruig  bar,  and 
is  cast  of  the  best  pigs  that  can  be  procured,  and  turned  with 
die  utmost  care  and  precision :  consequently,  whatever  is  con* 
ducted  along  this  bar  will  proceed  in  a  right  line ;  and  as  it  is  in* 
tended  that  this  shall  be  the  conductor  of  the  cutter-block,  bcmg 
furnished  with  proper  cutters,  it  must  cut  the  interior  sdrfiice  <rf 
the  piece  quite  straight,  though  it  may  have  been  ever  so  crooked 
before. 

Then  this  bar  being  turned  very  true,  it  is  to  have  a  groove  or 
two  cut  opposite  to  each  other,  in  a  line  parallel  to  its  axis; 
than  there  is  a  socket  of  cast  iron  of  such  drniensaona  as  to  sait 
for  cylinders  of  various  diameters,  and  this  socket  is  to  be  nicely 
bored  and  ground  on  the  bar ;  and  then  it  must  have  a  fillet  or 
two  (accordu^  to  the  groove  or  grooves  in  the  bar)  let  m  on  die 
insidfi^  so  as  to  slide  along  the  bar,  but  not  to  turn  round  upon 
it :  the  external  part  must  be  made  coniealt  with  four  or  six  studs 
upon  the  base  of  it  to  receive  the  euttef4Uock.    The  next  thing 
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is  to  give  a  progressive  motion  to  tbis  socket  and  cutter-block 
while  the  bar  is  taming  on  its  own  axis;  and  that  is  done  by 
Bome  with  a  collar  of  metal  fitted  on  the  socket,  and  to  that 
collar  are  connected  two  racks,  long  enough  to  reach  through 
die  cylinder  and  communicate  with  a  pair  of  pinions,  by  which 
the  socket  is  drawn  or  pushed  along  the  boring  bar  by  the  means 
of  two  levers,  carrying  a  weight  at  each  sufficiently  heavy  to 
overcome  all  resistance  in  the  operation. 
•  Another  method  of  giving  a  progressive  motion  to  the  block 
is  to  drill  a  hole  through  the  whole  length  of  the  bar,  to  ^dmit 
a  single  rod,  to  be  communicated  to  the  socket  by  sinkii>g  the 
groove  (for  in  this  case  there  can  be  but  one)  entirely  through 
one  side  of  the  bar,  so  as  to  come  into  the  hole  that  has  just 
been  drilled  through  the  bar.  Then  a  branch  from  the  internal 
part  of  the  socket  must  be  fitted  into  the  groove  with  an  eye  to 
receive  the  end  of  the  rod,  which  is  then  to  be  furnished  wiUi 
a  key,  or  a  nut  and  washer,  to  keep  it  in  its  place  while  the  bar 
and  socket  b  turning  round,  and  a  weight  M'ith  a  rope  over  a 

Silley  is  applied  to  give  motion  to  uie  socket,  along  the  bar. 
his  is  the  best  way  of  applying  this  method  to  boring  of  small 
cylinders,  because  there  is  no  incumbrance  upon  the  socket;  and 
if  the  bar  is  sufficiently  strong  it  will  move  with  great  steadi* 
ncss. 

ELLIPSOGRAPH  is  the  name  given  by  the  anonymous 
•uthor  of  a  German  publication,  entitled  *'  Beschreibung  eines 
Ellipsograph,  woniit  man  wahre  EUipsen  ohne  Berechnung 
der  jBrennpunkte  sehr  leicht  beschreiben  kann,  &c.  published  at 
Gotha  in  1794,  to  a  simple  and  universal  instrument  for  drawing 
ellipses.  The  instrument  has  been  long  known  to  our  mathe- 
maticians, and  has  been  described,  though  not  in  such  general 
terms  as  it  admits  of,  in  Emerson's  Conies,  Button's  Mathema- 
tical Dictionary,  and  other  works ;  but  as  it  has  not  yet  been 
adopted  for  practical  purposes,  though  it  is  far  preferable, 
in  our  opinion,  to  any  instrument  tor  drawing  ellipses  now  in 
use,  we  take  this  opportunity  of  recommending  it  to  general 
notice. 

The  ellipsograph  consists  of  three  flat  and  moderately  thin 
rulers  of  wood  or  brass,  two  of  which  must  be  of  equal  lengths ; 
and  it  may  be  as  well  if  the  length  of  these  tuo  together  be 
equal  to  that  of  the  third  ruler.  Let  the  two  shorter  of  these 
rulers  be  pierced  with  a  number  of  holes  at  equal  distances, 
the  holes  being  capable  of  receiving  either  a  pin  on  which  die 
rulers  may  turn  as  upon  a  joint,  or  a  pencil  by  which  the  curve 
may.be  described:  then  by  connecting  these  rulers  either  as  ill 
&t.  5.  or  fig.  6.  pi.  XIV.  an  eliipto  may  be  readily  described. 
Hiusi  in  fig.  5.  hang  one  end  of  the  ruler  ab  upon  a  pin  in  the 
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middle  of  the  niler  kl,  and  take  the  pobtBsuch  th^t  ab=:bd, 
mnd  AB+BDzi  semicoujugate  +  semitransverse  of  the  ellipse, 
die  ruler  bd  tumiug  upon  a  pin  in  b  as  a  joint:  take  the  point  b 
so  that  DE=  semiconjugate,  and  put  a  pencil  into  the  hole  of 
that  point :  then,  if  the  end  d  of  the  ruler  bi>  be  slidden  along 
the  edge  kl  of  the  ruler  which  passes  through  the  centre  A,  the 
pencil  at  £  will  describe  a  true  ellipse  having  the  proposed 
diameters.  Again,  taking  the  method  represeiiited  in  ng.  6. 
upon  the  ruler  ac,  hang  the  ruler  bo  at  b,  so  that  ab-I-bbs 
•emitransverse,  while  ab  =  bd=  half  the  difference  of  the  semi- 
transverse  andsemiconjugate  axes :  then,  while  a  pin  at  d  slides 
along  the  edge  of  the  ruler  kl  the  pencil  at  b  will  describe 
the  ellipse  required.  The  truth  of  this  method  of  construction 
18  demonstrated  in  Emerson's  Conies,  prop.  75.  ellipse. 

This  instrument  may,  it  is  obvious,  be  easily  made  either  so 
as  to  construct  small  ellipses,  now  commonly  described  by 
means  of  the  elliptical  compasses;  or  upon  a  larger  scale,  for 
the  purpose  of  describing  elliptical  centring  for  arches  of  bridges, 
&c.  In  tlie  latter  case  the  ellipsograph  may  be  made  sufficiently 
strong  without  being  any  way  cumbersome  in  practice.  In  the 
actual  construction  of  the  instrument  the  ruler  kl  should  be  the 
thickest,  and  the  other  two  legs  made  to  run  upon  friction  rollers, 
as  in  the  construction  of  the  pentagraph.  , 

It  may  not  be  altogetlier  useless  iust  to  remark,  that  in  boA 
methods  of  using  the  instrument  the  point  b  will  describe  a 
circular  arc;  and  if  the  ruler  db  had  a  part  above  b,  equal  to 
db,  the  upper  extremity  of  that  part  would,  duringthe  motion 
of  the  point  o  along  kl,  describe  a  right  line.  This  follows 
evidently  from  what  was  shewn  in  art.  8.  of  the  introductory 
part  of  this  volume. 

ENGINE  to  let  down  heavy  weights.  The  simple  method 
we  are  now  about  to  describe  was  invented  by  father  Ressin^  in 
1714.  Suppose  it  w^e  required  to  lower  large  stones  from  the 
top  of  a  wall  which  is  intended  to  be  taken  down :  erect  a  frame^ 
or  set  up  a  gin  close  by  the  side  of  the  wall,  and  let  the' pulley 
P  (fig.  4.  pL  IV.)  be  firmly  attached  to  this  ff ame.  Over  this 
pulley  must  pass  a  cord,  one  end  of  which  c  has  a  hook  to  which 
the  stone,  ficc.  can  readily  be  fastened;  the  other  end  d  carries  a 
vessel,  which  may  be  filled  with  water  from  the  reservoir  M,  on 
the  ground  at  the  bottom  of  the  wall.  Then,  while  one  man  is 
fixing  the  stone  to  the  hook  at  the  top  of  the  wall,  Ic^  another 
put  water  into  the  vessel  o  at  the  bottom  till  it  nearly  equals  the 
weight  of  the  stone:  after  which,  leaving  both  to  the  free 
.operation  of  gravity,  or  checking  the  motion  a  little  if  necessary, 
the  stone  willgradually  descend  to  die  ground,  while  the  vessel 
1^  will  be  carried  up  to  a  funnel  A;  into  which  the  water  may  be 
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poured,  aod  thence  cotiTeyed  by  a  wooden  or  a  leather  pipe  to 
the  reservoir  m.  Then  the  vessel  D  may  be  suffered  to  descend^ 
and  the  hook  c  will  be  raised  to  be  fixed  to  another  stone:  and 
thus  the  operation  may  be  repeated  as  often  as  is  necessary. 

The  same  method  may  likewise  be  adopted  in  lowering  sack» 
from  a  high  granary,  or  packages  from  an  upper  Warehouse^ 
The  velocity  of  the  descending  weight  may  be  so  regulated  as  U> 
have  any  proportion  to  that  which  ^vity  imparts  to  bodies^ 
falling  freely :  thus,  if  w  denote  the  weight  to  be  lowered,,  v  that 

of  the  vessel  of  water,  we  shall  have     "■,  for  the  fractieif 

expressing  the  ratio  of  the  velocity  to  that  freely  imparted  bjr 
gravity  when  denoted  by  unity.  Thus,  if  v=:Jw,  the  weight 
will  fall  through  f  of  1 6  •^,  or  about  5|  feet  in  die  first  second  s 
if  v=^w,  the  weight  will  fall  through  j-  of  l&rry  or  about  S^- 
feet  in  the  first  second :  the  friction  of  the  pulley  being  in  botb 
instances  disr^arded. 

TS^^ROWKFTE,  powder-praveTf  is  an  instrument  contrived 
for  the  purpose  of  comparing  the  strength  of  different  kinda  of 
gunpowder.  One  of  the  best  for  the  proof  of  powder  is 
artillery,  is  that  contrived  by  Dr.  Hutton.  It  consists  of  « 
small  brass  gun,  about  2}  feet  long,  suspended  by  a  metallit 
stem  or  rod,  turning  by  an  axis  on  a  firm  and  strong  frames, 
by  means  of  which  the  piece  oscillates  in  a  circular  arch.  A 
little  below  the  axis,  die  stem  divides  into  two  branches,  reachng 
down  to  the  gun,  to  which  the  lower  ends  of  the  branches  are 
fixed,  the  one  near  the  muzzle,  the  other  near  the  breech  of  the 
piece.  Tlie  upper  end  of  the  stem  is  firmly  attached  to  the 
axis,  which  turns  very  freely  by  its  extremities  in  the  sockets  of 
the  supporting  frame;  by  which  means  the  gnn  and  stem  vibrate 
together  in  a  vertical  plane,  with  a  very  small  degree  of  friction^ 
The  piece  is  charged  with  a  small  quimtity  of  powder  (usually 
about  two  ounces)  without  any  ball,  and  then  fired;  by  the  force 
pf  the  explosion,  the  piece  is  made  to  recoil  or  vibrate,  describing 
an  arch  or  angle,  which  will  be  greater  or  lese,  aecprdiog  to  the 
.quantity  or  strengtli  of  the  powder. 

To  measure  the  quantity  of  recoil,  and  consequently  the 
strength  of  the  powder,  a  circular  brazen  or  silvered  arch  of 
a  convenient  extent,  and  of  a  radius  equal  to  its  distance  below 
th^  axis,  is  fixed  against  the  descending  two  branches  of  the 
^tem,  and  graduated  into  divisions^  according  to  die  purpose 
required  to  be  answered  by  the  machine:  viz.  I.  Into  equal 
parts,  or  degrees,  for  the  purpose  of  determining  the  angle 
actually  described  in  the  vibration.  2.  Into  unequal  paigto, 
according  to  the  chords,  being  in  fact  lOO  times  the  douUe 
tines  of  me  half  angles,  uul  running  up  to  100^  as  equivalent  to 
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90  degrees ;  Aese  serve  to  compare  the  velocitie$  given  by  die 
powder.  3.  Into  uneqnal  parts  according  to  the  versed  sines; 
they  are,^  truth,  ]0<)  times  the  versed  sines  of  our  common 
tables,  141$  corresponding  with  90  degrees;  these  serve  to 
compare  the  forces. 

The  divisions  in  these  scales  are  pointed  out  by  an  index 
which  Is  carried  on  the  arch  during  the  oscillation,  and  then^ 
stopping  there,  shews  the  actual  extent  of  the  vibration.  Two 
ounces  of  ponder  give,  on  an  average,  as  I  have  found  by  several 
trials,  about  36  on  the  chords  or  about  21^  on  the  arch.  For 
a  more  minute  description  with  diagrams,  see  Hutton's  Tracts, 
vol.  iii.  p.  15$. 

The  late  Mr.  Ramsden  constructed  an  eprouvette,  which 
differs  from  die  preceding  simply  by  the  gun's  recoiling  in  a 
direction  parallel  to  itself  instead  of  its  vibrating  as  a  pendulum. 
In  order  to  this,  the  gun  is  suspended  upon  two  hanging  frames, 
one  at  each  end,  like  ladders.  They  are  equal  in  length,  and 
serve  like  the  joints  of  a  parallel  ruler,  to  niake  the  gun  rise  and 
fell,  during  its  recoil  and  return,  so  as  always  to  retain  a 
direction  parallel  to  itself;  that  is,  the  horizontal  direction. 
The  degrees  are  measured  upon  a  fixed  arch,  by  means  of  a 
moveable  index,  nearly  as  in  Dr.  Hutton's  eprouvette. 

For  other  eprouvettes  by  Regnier,  &c.  the  reader  may  con- 
sult the  article  Powder  Pro  vers  in  the  Pantologia.  Those 
of  D'Antoni  may  be  seen  in  Capt.  Thomson's  Translation  of 
his  Gunnery. 

FILES,  machines  for  cutting  of.  There  have  been  various 
contrivances  for  this  ''purpose ;  but  one  of  the  best  we  are 
acquainted  with  is  described  in  the  Transactions  of  die  Ame* 
rican  Philosophical  Society,  and  is  as  follows:  aaaa  fig.  6* 
pi.  X.  is  a  bench  made  of  well-seasoned  oak,  the  face  of  which 
is  planed  very  smooth,  bbbbb  the  feet  of  the  bench,  \5hich 
should  be  substantial,  cccc  the  carriage  on  which  the  files 
are  laid,  which  moves  along  the  face  of  the  bench  aaaa 
parallel  to  its  sides,  and  carries  the  files  gradually  under  the 
edge  of  the  cutter  or  chisel  hh,  while  the  teeth  are  cut:  this 
carriage  is  made  to  move  by  a  contrivance  somewhat  similar  to 
that  which  cairies  the  log  against  the  saw  of  a  saw-mill,  as  will 
be  more  particularly  described,  ddd  are  three  iron  rods, 
inserted  into  the  ends  of  the  carriage  cccc,  and  passing  throueh 
holes  in  the  studs  ebb,  which  are  screwed  firmly  against  the 
ends  of  the  bench  aaaa,  for  directing  the  cojUrse  of  the  carriage 
eccc,  parallel  to  the  sides  of  the  said  bench,  ff  two  upright 
nillars,  mortised  firmly  into  the  bench  aaaa  nearly  equidistant 
from  each  end  of  it,  near  the  edge,  and  directly  opposite  to  each 
other*    G  the  lever  or  arm  which  carries  the  cutler  hh  (fixed  by 

m2 


Digitized  by 


Google 


180  MACHINES. 

the  screw  f),&ud  works  on  the  centres  of  two  screws  kc,  wfaicK 
are  fixed  into  the  two  pillars  ff  in  a  direction  right  across  tb« 
bench  aaaa.  By  tightening  or  loosening  these  screws  the 
arm  which  carries  the  chisel  may  be  made  to  work  more  or 
less  steadily,  l  is  the  regulating  screw,  by  means  of  whick 
the  files  may  be  made  coarser  or  finer ;  this  screw  works  in  a 
stud  M  which  is  screwed  firmly  upon  the  top  of  the  stud  f  :  the 
lower  end  of  the  screw  l  bears  against  the  upper  part  of*  the 
arm  g,  and  limits  the  height  to  wnich  it  can  nse.  n  is  a  steel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  f,  and 
the  other  end  presses  against  the  pillar  o,  which  is  fixed  upon 
the  arm  g;  by  its  pressure  it  forces  the  said  arm  upwards;^ 
until  it  meets  with  the  regulating  screw  l.  p  is  an  arm  with  a 
claw  at  one  end  marked  6,  the  other  end  is  fixed  by  a  joint 
into  the  end  of  the  stud  or  pillar  o;  and,  by  the  motion  of  the 
arm  c,  is  made  to  move  the  ratch-wheel  q.  This  ratch-wheel 
is  fixed  upon  an  axis,  which  carries  a  small  trundle-head  or 
pinion  a,  on  the  opposite  end;  this  takes  into  a  piece  as, 
which  is  indented  wim  teeth,  and  screwed  firmly  against  one 
side  of  the  carriage  cccc:  by  means  of  this  piece  motion  is 
communicated  to  the  carriage  t  is  a  clamp  for  fastening  one 
end  of  the  file  zz  in  the  place  or  bed  on  which  it  is  to  be  cut. 
V  is  another  clamp  or  dog,  at  the  opposite  end,  which  works 
by  a  joint  w,  firmly  fixed  into  the  carriage  ccCG.  y  is  a  bridge, 
likewise  screwed  into  the  carriage,  through  which  the  screw  x 
passes,  and  presses  with  its  lower  end  against  the  upper  side  of 
the  clamp  y;  under  which  clamp  the  otl>er  end  of  the  file  zz 
is  placed,  and  held  firmly  in  its  situation  while  it  is  cutting,  by 
the  pressure  of  the  said  clamp  v.  7777  is  a  bed  of  lead,  which 
is  let  into  a  cavity  formed  in  the  body  of  the  carriage,  some- 
thing broader  and  longer  than  the  largest  fixed  files ;  the  upper 
face  of  this  bed  of  lead  is  formed  variously,  so  as  to  fit  the 
difierent  kind  of  files  which  may  be  required.  At  the  figures  22 
are  two  catches  which  take  into  the  teeth  of  the  ratch-wheel  q, 
to  prevent  a  recoil  of  its  motion.  3S  is  a  bridge  to  support 
one  end  4  of  the  axis  of  the  ratch-wheel  Q.  5  a  stud  to  support 
the  other  end  of  the  u\i3  of  that  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  must 
be  regulated  to  cut  them  of  the  due  degree  of  fineness,  by  means 
of  the  regulating  screw  l;  which,  by  screwing  further  through 
the  arm  m,  will  make  the  files  finer,  and,  vice  versa^  by  unscrew- 
ing it  a  little,  will  make  them  coarser;  for  the  arm  o  will,  by 
that  means,  have  liberty  to  rise  the  higher,  which  will  occasion 
the  arm  p,  with  the  claw,  to  move  further  along  the  periphery 
of  the  ratch-wheel,  and  consequently  communicate  a  more 
extensive  motion  to  the  carriage  cccc,  and  make  the  files 
coarser. 
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"Wheo  the  machine  is  thus  adjusted,  a  blind  man  may  cut  a 
file  with  more  exactness  than  can  be  done  in  the  usual  method 
^th  the  keenest  sight:  for  by  striking  with  a  hammer  on  the 
bead  of  the  cuUer  or  chisel  hii,  all  the  movements  are  set  at 
mrork;  and,  by  repeating  the  stroke  with  the  hammer,  the  files 
en  one  side  will  at  length  be  cut :  then  diey  must  be  turned,  and 
the  operation  repeated,  for  cutting  the  other  side.  It  is  need- 
lefts  to  enlarge  much  on  the  utility  or  extent  of  this  machine; 
for,  on  an  examination,  it  will  appear  to,  persons  of  but  in- 
diflTewent  mechanical  skill,  that  it  may  be  made  to  work  by  water 
ms  readily  as  by  hand,  to  cut  coarse  or  fine,  large  or  smaH,  files, 
er  any  number  at  a  time ;  but  it  may  be  more  particularly  useful 
for  cutting  very  fine  small  files  for  watchmakers :  as  they  may 
be  executed  by  this  machine  with  the  greatest  equality  and 
nicety  imaginable.  As  to  the  materials  and  dimensions  of  the 
several  parts  of  this  machine,  they  are  left  to  the  judgment 
and  skill  of  the  artist  who  may  have  occasion  to  make  one ;  only 
observing  that  the  whole  should  be  capable  of  bearing  a  good 
deal  of  violence. 

F1R&S8CAPE,  a  machine  for  removing  persons  from  the 

upper  stories  of  houses  on  fire.     It  consists  of  a  pole,  a  rope, 

and  a  basket.    The  pole  is  of  fir,  or  a  common  scaffold  pole, 

of  any  convenient  length  from  36  to  46  feet.     The  diameter  at 

bottom,  or  greatest  end,  about  five  inches:  and  at  the  top,  or 

.smallest  end,  about  three  inches.    At  three  feet  from  the  top  is 

a  mortise  through  the  pole,  and  a  pulley  fixed  to  it  of  nearly  die 

same  diameter  with  the  pole  in  that  part.     The  rope  is  about 

three  quarters  of  an  inch  diameter,  and  twice  the  length  of  the 

pole,  with  a  spring  hook  at  one  end,  to  pass  through  the  ring  in 

the  handle  of  the  basket  when  used :  it  is  put  through  the  mortise 

over  the  pulley,  and  then  drawn  tight  on  each  side  to  near  the 

bottom  of  the  pole,  and  made  fast  there  till  wanted.     The 

basket  should  be  of  strong  wicker-work,  three  feet  and  a  half 

long,  two  feet  and  a  half  wide,  rounded  off  at  the  comers,  and 

four  feet  deep,  rounding  every  way  at  the  bottom.     To  the  top 

of  the  basket  is  fixed  a  strong  iron  curve  or  handle,  with  an 

eye  or  ring  in  the  middle;  and  to  one  side  of  the  basket,  near 

the  top,  is  fixed  a  small  cord,  or  guide-rope,  of  about  the  length 

of  the  pole.     When  the  pole  is  raised,  apid  set  against  a  hause 

over  the  window  from  which  any  persons  are  to  escape,  the 

manner  of  nsmg  it  is  so  plain  and  obvious,  that  it  need  not  be 

desdibed.    The  most  convenient  distance  from  the  house  for 

the  foot  of  the  pole  to  stand,  where  practicable,  is  about  12  or 

14  feet.    If  two  strong  iron  straps,  about  three  feet  long,  riveted 

to  a  bar  cross,  and  spreading  about  14  inches  at  the  foot,  were 

^ed  at  the  bottom  of  the  pole,  this  would  prevent  U  turnmg 
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round  or  slipping  on  the  pavement:  and  if  li 'strong  iron  hoop, 
or  ferrule^  rivet^  (or  welded)  to  a  semicircular  piece  of  iron 
spreading  about  twelve  inches,  and  pointed  at  the  ends,  were 
fixed  on  at  the  top  of  the  pole,  it  would  prevent  its  sliding 
against  the  wall. 

When  these  two  last-ipentioned  irons  are  fixed  on,  they  give 
the  pole  all  the  steadiness  of  a  ladder;  and  because  it  is  not  easy^ 
except  to  persons  who  have  been  used  to  it,  to  raise  and  set  up- 
right a  pole  of  40  feet  or  more  in  length,  it  will  be  convenient  to 
have  two  small  poles  or  spars  of  about  two  inches  diameter, 
fixed  to  the  sides  of  the  great  pole  at  about  two  or  three  feet 
above  .the  middle  of  it,  by  iron  eyes  riveted  to  two  plates,  so 
as  to  turn  every  way ;  the  lower  end  of  these  spars  to  reach 
within  a  foot  of  the  bottom  o£  the  great  pole,  and  to  have  ferules 
and  short  spikes  to  prevent  sliding  on  the  pavement,  when  used 
occasionally  to  support  the  great  pole  like  a  tripod.  There 
should  be  two  strong  ash  truiuUes  let  through  the  pole,  one  mt 
four  feet  and  one  at  five  feet  from  the  bottom,  to  stand  oat 
about  eight  inches  on  each  side,  and  to  serve  as  handles,  or  to 
twist  the  rope  round  in  lowering  a  very  heavy  weight.  If  a 
block  and  pulley  were  fixed  at  about  the  middle  of  the  rope, 
above  the  other  pulley,  and  the  other  part  of  the  rope  made  to 
run  double,  it  would  diminish  any  weight  in  the  biisket  nearly 
one-half,  and  be  very  useful  in  drawing  any  person  up  to  the 
assistance  of  diose  in  the  chambers,  or  for  removing  any  efiecia 
out  of  a  chamber,  which  it  might  be  dangerous  to  attempt  by 
the  stairs. 

It  has  been  proved,  by  repeated  trials,  that  such  a  pole  as  we 
bave  been  speaking  of  can  be  raised  from  the  ground,  and  two 
or  three  persons  taken  out  of  the  upper  windows  of  a  house, 
and  set  down  safely  in  the  street,  in  the  space  of  S5  seconds,  or 
a  little  more  than  half  a  minute.  Sick  and  infirm  persons, 
women,  children,  and  many  others,  who  cannot  make  use  of  m 
ladder,  may  be  safely  and  easily  brought  down  from  any  of  the 
windows  of  the  house  on  fire  by  this  machine,  and  by  putting  m 
short  pole  through  the  handles  of  the  basket,  may  be  removed 
to  any  distance  without  being  taken  out  of  the  basket.  The. 
pole  must  always  have  the  rope  ready  fixed  to  it,  and  may  be 
conveniently  laid  up  upon  two  or  three  iron  hooks  under  any 
shade  or  gateway,  and  the  basket  should  be  kept  at  the  watch- 
kouse.  When  the  pole  is  laid  up,  the  two  spars  should  always 
be  turned  towards  the  head  of  it.  The  basket  should  be  made 
of  peeled  rods,  and  the  pole  and  spars  painted  of  a  light  stone- 
colour,  to  render  it  more  visible  when  used  in  the  night. 

Other  ingenious  contrivances  for  this  purpose  are  described  io 
Mr.  Bosworth's  *^  Accidents  of  Human  Life.'^ 
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FIRiUENGINE^the  name  now  coomioiily  given  to  a  ma- 
dnne  by  which  water  is  thrown  upon  fires  in  ord^  to  extinguish 
4hem.  Various  machines  have  been  contrived  for  that  purpose 
at  different  times ;  the  most  essential  particulars  in  a  few  of 
which  we  shall  here  describe. 

The  usual  construction  of^  the  fire-engine,  after  the  great 
improvements  were  made  in  it  by  Mr,  R.  Newshara,  was 
nearly  that  which  is  exhibited  in  fig.  2.  pi.  XV.  where  we  have 
veprese^ed  a  vertical  section  of  the  engme.  The  motion  of  the 
water  in  this  machine  is  effected  by  the  pressure  of  the  atmo- 
sphere, the  force  of  mkn  acting  upon  the  extremities  h',  h^',  of 
m  lever,  and  tbenee  giving  motion  to  the  pistons,  and  by  the 
<elasticity  of  condensed  air,  in  the  following  manner:— When 
the  piston  r  is  raised  a  vacuum  would  be  made  in  the  barrel 
TO  k  the  water  did  not  follow  it  from  the  inferior  canal  bm 
{through  die  vdve  h),  which  rises  through  the  tube  sp  immersed 
In  the  water  of  a  vessel  by  the  pressure  of  the  atmosphere  on  its 
smrhkce.  The  water  of  the  barrel  TU,  by  the  succeeding  de^ 
pressioa  of  the  piston  a,  shuts  the  valve  h,  and  is  forced,  through 
the  superior  canal  on,  to  enter  by  the  valve  x  into  the  air- 
^Msel  abed;  md  the  like  bein^  done  alternately  with  respect  to 
Ibe  other  barrel  wx,  and  its  piston  s,  the  air  ve^el  is,  by  these 
means,  continually  filling  wim  water,  which  greatly  compresses 
die  air  above  die  surface  of  the  water  in  that  vessel,  and  thereby 
proportionally  augments  its  spring :  which  at  length  is  so  far 
increased  as  to  re-act  vrith'^great  force  on  the  surface  yz  of  the 
subjacent  water,  and  compel  it  to  ascend  through  the  small  tube 
^  to  the  stop^coek  eg,  where  upon  turning  the  cock  the  water 
IS  suffered  to  pass  through  a  pipe  h  fixed  to  a  ball  and  socket ; 
from  the  ortfioe  of  which  it  issues  in  a  continued  stream  with  a 
great  velofBity,  to  a  considerable  height  or  distance;  and  it  is 
oaually  kept  from  diverging  too  soon  in  its  progress  by  means 
of  a  long  series  of  flexible  leather  pipes,  properly  joined  toge- 
tker,  and  known  among  the  firemen  by  the  name  of  the  hose.  , 

Desaguliers  remarks  (vol.  1.  p.257.)  Aat  Mr.  Newsham  con- 
trived tm  engines  in  such  a  manner,  *'  that  part  of  the  men  who 
work  diem  exert  their  force  by  treading,  wtuch  is  more  effectual 
than  any  other  way  that  men  can  work  at  such  engines ;  the 
whole  weight  of  the  body  being  sufficiently  thrown  on  the 
forces  of  the  pumps:  and  e^en  part  of  a  man's  strength  may  be 
added  to  the  weight  by  means  of  horizontal  pieces  to  which  he 
can  apply  his  hands  when  he  is  treading ;  whereas,  by  applying 
the  hands  to  move  levers  or  turn  winches,  the  power  must,  act 
very  unequally.  This  is  the  reason  why  with  the  same  number 
of  men  he  has  generally  thrown  water  further,  higher,  and 
in  greater  quantities,  with  the  same  sized  engines,  than  other 
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engineers  who  have  tried  their  engines  against  his.**  Notwith* 
standing  the  truth  of  this  remark,  Me  are  not  aware  that  the 
combination  of  human  weight  and  strjmgth  here  recommended 
has  been  practised  in  any  subsequent  fire-engines,  or  indeed  in 
anjr  machmes  whatever,  except  the  ingenious  walking  crane  ot 
Mj.  Hardie.  • 

The  greatest  artifice  in  the  engine  according  to  the  construc- 
tion just  described  is  the  contrivance  to  produce  a  continual 
stredm,  which  is  done  by  the  compression  and  proportional 
elasticity  of  air  in  the  barrel  abed,  called  the  air-vessel.  For 
the  air,  being  an  elastic  fluid,  will  be  susceptible  of  compres- 
sion in  any  degree  by  the  water  forced  in  through  the  valves  at 
ik;  and,  since  the  force  of  the  air's  spring  will  always  be  in- 
versely as  the  space  it  possesses  (art.  489.  vol.  I.),  it  follows  that 
when  the  air-vessel  is  half  ftill  of  water  the  air  will  be  com* 
pressed  into  half  the  space  it  possessed  at  first,  and  therefore  its 
spring  will  be  twice  as  great  as  at  first. 

But  this  spring  at  first  was  equal  to  the  pressure  of  the  at- 
mosphere on  the  same  surface:  for  if  it  were  not  it  could  not 
have  sustained  or  resisted  the  pressure  of  the  atmosphere  which 
stood  over  it,  and  consequently  could  not  have  filled  the  vessel 
before  the  water  was  driven  in;  which  yet  we  find  it  did,  and 
maintained  an  equilibrium  with  the  common  aip^  Th^  vessel 
then  being  half  filled'  with  water,  or  the  air  compressed  into  half 
the  first  space,  its  spring  will  in  this  case  be  equal  to  twice  the 
pressure  of  the  atmosphere;  and  therefore  when  the  stop-cock 
at  p  is  turned,  the  air  within,  pressing  on  the  subjacent  water 
with  twice  the  force  it  meets  with  from  the  external  air  in  the 

Eipe  ef,  will  cause  the  water  to  spout  out  of  the  engine  to  the 
eight  of  32  or  S3  feet,  if  the  friction  is  not  too  great. 
When  the  air-vessel  is  f  full  of  water,  the  air  tak^  up  f  part  ; 
whence  its  spring  will  be  three  times  as  gre^t  as  that  of  the 
common  air,  and  it  will  project  the  water  with  tvrice  the  com- 
mon atmospheric  pressure;  consequently,  it  will  rise  to  the 
height  of  62  or  64  feet.  When  the  air-vessel  is  ^  full  of  water 
the  air  will  be  compressed  into  its  x  part,  and  so  will  protrude 
the  water  with  three  times  the  atmospheric  pressure,  and  carry 
it  to  the  height  of  96  or  99  feet.  Hence  it  will  be  easy  to 
state  the  law  by  which  die  spring  of  the  air  will  act  on  thq 
surface  of  die  water  below  it,  as  in  the  following  table. 


Digitized  by 


Google 


Firt'^ngine.     .  185 


Eag\tffmer 

qftk€dr 

ProparlUmrf 

Hei^rf 

inmr^m. 

campreaed. 

mr'tehuti 

city. 

the^wU, 

\ 

h 

2 

33 

* 

T 

i 

3 

66 

* 

4 

99 

* 

i 

5 

132 

i 

i 

6 

165 

6 

r 

f 

7 

198 

i 

I 

T 

8 

2S1 

* 

■J- 

9 

264 

A 

t 
TV 

10 

297 

«— 1 

1 

/— 

1  \    a  A 

n        (a- 1)35 

Various  alterations  and  iniprovements  have  been  made  from 
time  to  time  in  the  construction  of  l^ire-engines.  The  con- 
trivers of  some  of  these  improvements,  as  Messrs.  Br^iiiab, 
Dickenson,  Siuipkin,  Rowntree,and  Phillips, have  secured  their 
ioventions  from  infringement  by  patents ;  the  specitications  of 
most  of  which  may  be  seen  in  the  Repertory  of  Arts  and  Manu- 
factures. In  the  year  1785  the  silver  medal  and  twenty  guineas 
were  conferred  by  tlie  "  Society  for  the  Encouragement  of  Arts," 
&c.  oit  Mr.  Furst,  as  a  reward  for  his  contrivance  to  increase 
tbe  effect  of  engines  in  extinguishing  fires;  of  which  the  follow- 
ing is  a  short  description :  from  a  platform  rises  an  upright  pole 
or  mast,  of  such  height  as  may  be  judged  necessary;  a  gaft  slides 
upon  It  iu  an  ascending  direction,  and  along  both  is  conveyed 
the  leather  hose  from  the  engine.  The  branch  or  nose-pipe  of 
the  engine  projects  at  the  extremity  of  the  gaft ;  towards  which 
an  iron  frame  is  fixed,  whence  two  chains  are  suspended;  and 
from  these  hang  ropes,  which  serve  to  give  an  horizontal  di- 
rection to  the  branch ;  while  other  ropes,  that  run  through 
Iiroper  pullies,  and  are  thus  conveyed  down  the  mast,  serve 
ikewise  to  ciynmunicate  a  vertical  motion  to  it.  By  these 
means,  the  branch  or  nose-pipe  of  the  engine  is  conducted  into 
the  window  of  any  room  where  the  fire  more  ijtnmediately 
ragest ;  and  the  effect  of  the  water  discharged  is  applied  in  the 
fnost  efficacious  manner  to  tlie  extinguishing  of  the  flames. 

A  very  cheap  and  simple  fire-engine  is  that  invented  in  Ame- 
rica by  iMr.  Beigamin  Dearboni,  who  communicated  it  to  the 
American  Academy  of  Arts  and  Sciences,  from  whose  Memoirs 
for  1794'  \ie  extract  the  following  particulars: 

Fig.  4  pi.  XV.  AB  and  cD  are  the  edges  of  two  planks,  con- 
fined by  four  bolts;  a  b  and  c  d  are  two  cylindrical  barrels,  in 
each  of  which  a  piston,  with  a  valve,  is  fastened  to  the  spear  e^ 
and  is  moved  up  and  down  alternately  by  the  motion  of  die 
arms  £E.     Beneath  each  barrel  a  hole  is  made  through  the 
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plank  AB»  which  is  covered  with  a  valve.  The  arms  er  are 
suspended  on  the  common  centre  y:  there  are  also  arms  parallel 
to  these  on  the  opposite  side  :  gg  are  the  ends  of  handles  which 
are  fastened  across  the  ends  of  the  arms.  At  A  a  bolt  goes  across 
from  arm  to  arm,  to  which  the  piece  ik  is  affixed,  and  on  which 
it  plays ;  the  lower  end  of  this  piece  is  fastened  to  the  top  of  the 
spear  €.  olf  is  a  standard  for  the  purpose  of  supporting  the 
arms,  to  which  there  is  a  correspondent  one  on  the  opposite 
side ;  both  are  notched  into  the  edges  of  the  planks,  where  they 
are  secured  by  a  bolt,  which  passes  through  them  at  /,  and  hk^ 
a  nutor  fore-lock  on  (he  opposite  side,  hi, hi, are  square  braces, 
answering  the  purpose  of  ducts,  through  which  the  water  as- 
cends from  the  barrels,  passing  through  the  plank  at  m,  k  l^ 
KL,  are  irons  in  the  form  of  a  staple,  in  order  to  confine  the 
braces :  the  lower  ends  of  these  irons  meet,  and  are  secured  by 
a  bolt  passing  through  them,  and  mnho,  which  is  a  piece  that 
goes  up  through  a  mortice  in  th^  centre  of  the  plfuiks.  This 
piece  is  square  from  the  lower  end,  till  it  reaches  the  top  of  the 
braces ;  whence  they  become  cylindrical  to  the  top,  the  upper 
«iid  being  perforated  sufficiently  low  down,  in  order  to  com-^ 
■Himcate  with  the  braces,  op  is  an  iron  ring  that  surround^ 
the  tube,  and  has  two  shanks  which  ascend  through  the  head, 
-which  screws  on  the  top  at  pq;  rs  is  a  ferule  nailed  round  die 
tube. 

Fig.  5.  is  the  same  engine ;  the  arms  and  standards  bein^ 
taken  off,  in  order  to  delhieate  more  clearly  the  mode  of  secur- 
ing the  braces ;  an  object  which  is  completely  effected  by  % 
wedge  driven  into  the  mortice  a :  beneath  the  upper  plank  b  is 
a  bole  for  admitting  a  passage  to  the  boit,  which  secures  the 
standards.  In  this  figure  a  side  view  of  the  head  is  given,  witfi 
the  pipe  in  a  perpendicular  direction. 

The  machine  is  confined  within  a  box,  set  on  wheels,  as  ii^ 
the  common  fire-engines.  The  whole  is  mad%  of  wood,  ex- 
cepting the  spears  of  the  pumps,  and  a  few  bolts,  &c.  The 
fidvantages  of  this  machine  are,  that  it  can  be  made  in  any 
place  where  common  pumps  aremanufactured ;  that  the  interior 
work  will  not  exceed  one-fourth  of  the  price  of  those  which 
are  constructed  on  the  usual  plan ;  and  that  they  are  incompara- 
bly more  easy  to  work  than  the  common  ones  :  circumstances 
which  strongly  recommend  the  American  fire-engine  to  the  at- 
tention of  the  public* 

FLAX-MILLS  have  been  constructed  in  great  variety :  but 
one  of  the  best  we  are  acquainted  with  is  described  in  Gratfs 
Experienced  Millwright^  in  nearly  the  following  terms.  " 

Fig.  1.  pi.  XVI.  is  the  plan,  a  A,  tfie  v?atcr-wheel.  cc, 
the  shaft  or  axle  upon  which  it  b  fixed,    bb,  a  wheel  fastened 
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upon  the  fame  shafiy  contajning  102  teeth,  to  drive  tlie  pinion 
t>,  having  25  teeth,  which  is  fixed  upon  Uie  middle  bruising- 
roller  :  By  a  pinion  in  which  are  10  teeth,  turned  by  the  wheel 
B,  which  18  fastened  upon  the  under  end  of  the  perpendicular 
shaft  tbut  carries  the  scutchers,  mm,  the  large  frame  that 
supports  one  end  of  the  shaft  c,  and  the  perpendicular  axle, 
KN  are  frames  in  which  the  rollers  turn  that  break  or  bruise 
the  rough  flax,  ia  and  l,  the  machme  and  handle  to  raise  the 
sluice  when  the  water  is  to  be  let  on  the  wheel  a  a  to  turn  it 
round,  co,  doors  in  the  side-walls  of  the  miUrhouse.  ik, 
windows  to  lighten  the  hoiue.  hh,  stairs  leading  up  to  dbe 
loft. 

Fig.  2.  Elevation,  a  a,  the  water-wheel  upon  its  shaft  cc, 
on  which  shaft  the  wheel  bb  is  also  fixed  :  this  latter  wheel  coa* 
taining  102  teeth,  to  turn  the  wheel  e,  having  25  teeth,  which 
is  fastened  upon  the  middle  bruising-roller,  ff  is  a  vertical 
abaft,  upon  the  lower  end  of  which  is  fixed  a  pinion  having  10 
teeth,  which  is  driven  by  the  wheel  b.  There  are  two  arm» 
that  pass  through  the  shaft  p ;  and  upon  these  arms  are  Aistened, 
with  screwed  iron  bolts,  the  scutchers  that  clear  the  refuse  oft' 
the  flax.  DD,  the  frames  which  support  one  end  of  the  axle  c, 
the  vertical  shaft,  and  the  breaking  rollers :  l,  a  weight  sus- 
pended by  a  rope,  the  other  end  of  which  is  fastened  to  a 
bearer,  as  is  seen  iu  tig.  3.  ss  a  lever,  the  short  arm  of  which 
ia  attached  to  the  frame  that  the  gudgeons  of  the  upper  roller 
turn  in;  and  by  pushing  down  the  long  arm,  the  upper  roller  is, 
when  necessary,  so  /aised  as  to  be  clear  of  the  middle  oae.  nm, 
the  end  walls  of  the  mill-house,  br,  the  couples  or  frame  of  the 
roof,     u,  a  door  in  the  ^de-wall.     ik,  windows. 

Fig.  3.  Section,  aa,  the  great  water-wheel  fixed  upon  its 
shaft,  and  containing  40  aws  or  float-boards  to  receive  the  water 
which  communicates  motion  to  tlie  whole  machinery,  bb,  a 
wheel  fastened  upon  the  same  axle,  having,  as  before  mentioned, 
102  cogs,  to  drive  the  wheel  c  of  25  teeth  which  is  fixed 
upon  the  middle  roller,  No.  1.  The  thick  part  of  this  roller  is 
fluted,  or  rather  has  teeth  all  round  its  circumference.  These 
teeth  are  of  an  angular  form,  being  broad  at  their  base,  and 
thinner  towards  their  outward  extremities,  which  are  a  little 
rounded,  to  prevent  them  from  cutting  the  flak  as  it  passes 
through  betwixt  the  rollers.  The  other  two  rollers  Nos.  2.  and 
3.  have  teeth  in  them  of  the  same  form  and  size  as  those  in  the 
middle  roller,  whose  teetli,  by  taking  into  those  of  these  two  roll- 
ers, turns  them  both  round.  The  rough  flax  is  made  up  into 
small  parcels,  which  being  introduced  betwixt  the  middle  and 
«pper  rollers,  pass  round  the  middle  one ;  and  this  either  having 
louen  placed  on  its  off  side,  or  being  inclosed  by  a  curved  board 
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that  turns  the  flax  out  betwixt  the  middle  and  under  roHen,  when 
it  is  again  put  in  betwixt  the  middle  and  upper  one,  round  tbe 
same  course,  until  it  be  sufficiently  broken  or  softened,  and  pre- 
pared for  the  scutching  machine.  The  bearer  in  which  the  gud- 
geoii  of  the  roller  No.  I.  turns  is  fixed  in  the  frame  at  c ;  and  the 
gudgeons  of  the  rollers  Nos.  2.  and  3.  turn  in  sliders  that  move 
op  or  down  in  grooves  in  the  frames  ss.  The  under  roller  ia 
kept  up  to  the  middle  one  by  the  weights  dd,  suspended  by  two 
ropes  going  over  two  sheeves  in  the  frames  ss  ;  their  other  ends 
bemg  fastened  to  a  transverse  bearer  below  the  sliders  in  which 
the  gudgeons  of  the  roller  No  S.  turn.  The  weights  od  ilnust 
be  considerably  heavier  than  the  under  roller  and  sliders,  in 
order  that  its  teeth  may  be  pressed  in  betwixt  the  teeth  of  No.  1  • 
to  bruise  the  flax  when  passing  between  the  rollers.  The  ^hole 
weight  of  die  roller  No.  2.  presses  on  the  flax  which  passea 
"between  it  and  No.  J.  There  is  also  a  box  fixed  on  the  upper 
edge  of  its  two  sliders  to  contain  a  parcel  of  stones,  or  lumps  of 
any  heavy  metal,  so  that  more  or  less  weight  can  be  added  to 
the  roller,  as  is  found  necessary,  oo,  is  the  large  frame  that 
supports  one  end  of  the  abaft  which  carries  the  two  wheels  a,  b, 
and  vertical  axle  ff  ;  on  the  lower  end  of  which  is  fixed  the 
pinion  turned  by  the  wheel  b,  and  having  10  teeth.  In  the  axle 
F  are  arms  upon  which  the  scutchers  are  fastened  with  screwed 
bolts,  as  seen  at  oo,  fig.  2.  These  scutchers  are  inclosed  in 
the  cylindrical  box  bb,  having  in  its  curved  surface  holes  or 
porches  at  which  the  handfuls  of  flax  are  held  in,  that  thej  may 
be  cleaned  by  the  revolving  scutchers,  hh,  the  fail  or  course 
of  the  water,  tt,  the  sluice,  machine,  and  handle,  for  raising 
the  sluice  to  let  the  water  on  the  great  wheel.  The  gudgeons 
of  the  axles  should  all  turn  in  cods  or  bushes  of  brass.  KiC,  the 
side-walls  of  the  mill-house,     oo,  doors,     ll,  windows. 

FLOUR^MILLS  are  put  into  motion  in  various  ways :  somer 
times  the  first  mover  is  wind,  at  others  water,  at  others  the  force 
of  steam,  at  others  the  muscular  energy  of  animals.  See  jpbol- 
mUlf  Hand^miUf  ffind-mill^  &c« 

The  mechanism  of  the  grinding  part  of  most  oi  these  is 
nearly  the  same,  and  well  understood:  so  that  it  will  not  be 
necessary  to  enter  much  into  minutiae,  but  merely  to  present  a 
general  description  of  a  well-constructed  mill,  with  any  first 
mover;  and  subjoin  to  this  desciiption  some  reuiarks,  rules, 
and  tables. 

In  plate  XVII.  we  have  given  a  section  of  a  doubk  Flour- 
mill,  reduced  from  Gray's  Experienced  Millwright,  with  the 
following  account,  a  a,  the  water-wheel,  bb,  its  shaft  or 
axle,  cc;  a  wheel  fixed  upon  the  same  shatt,  containing  9i> 
teeth  or  cogs,  to  drive  the  puiion  No.  1.  having  23  teethe  wbiob 
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is  fastened  upon  the  vertical  shaft  d.  No.  2.  a  wheel  fixed  upon 
the  shaft  d,  containing  82  teeth,  to  turn  the  two  pinions  pf» 
havinff  15  teeth,  which  are  fastened  upon  the  iron  axles  or 
spindles  that  carry  the  two  upper  mill-stones,    eb,  the  beam 
Of  sill  that  supports  the  frame  on  which  the  under  mill-stones 
are  laid.     OQ,  the  cases  or  boxes  that  enclose  the  upper  mill- 
stones ;  they  should  be  about  2  inches  distant  from  the  stone  all 
round  its  circumference,     tt,  the  bearers,  called  bridges,  upon 
which  the  under  end  of  the  iron  spindles  turn.     These  spindles 
pass  upward  through  a  hole  in  the  middle  of  the  nether  milU 
«tones,  in  which  is  fixed  a  wooden  bush  that  their  upper  ends 
ttun  in.    The  top  part  of  the  spindles,  abbve  each  wooden 
bnsh^  is  made  square,  and  goes  into  a  square  hole  in  an  iron 
cross,  which  is  admitted  into  grooves  in  the  middle  and  under- 
surface  of  the  upper  mill-stone.     By  this  means  that  stone  is 
carried  round  along  with  the  trundles  pp,  when  turned  by  the 
M>heel  No.  2.     One  end  of  the  bridges  tt  is  put  into  mortises 
in  Axed  bearers,  and  the  other  end  into  mortises  in  the  bearers 
thftt  move  at  one  end  on  iron  bolts,  their  other  ends  hanging  by 
iron  rods  having  screwed  nuts,  as  uu ;  so  that  when  turned  for- 
ward or  backward  they  raise  or  depress  the  upper  mill-stones, 
according  as  the  miller  finds  it  necessary,      ss,  the  feeders,  in 
the  under  end  of  each  of  which  is  a  square  socket  that  goes  upon 
the  square  of  the  spindles  above  tlie  iron  cross  or  rind,  and 
having  three  or  four  branches  that  move  the  spout  or  shoe,  and 
feed  die  wheat  constantly  from  the  hoppers  into  the  hole  or  eye 
of  the  upper  mill-stone,  where  it  is  introduced  betwixt  the 
stones ;  and  by  the  circular  motion  of  the  upper  stone  acquires 
a  centrifugal  force ;  and  proceeding  gradually  from  the  eye  of 
the  mill-stone  towards  the  circumference,  is  at  length  thrown 
out  in  flour  or  meal,     rb,  the  sluice,  machine,  and  handle,  to 
raise  the  sluice,  and  let  the  water  on  the  wheul  a  to  drive  it  . 
round.     No.  S.  is  a  wheel  fixed  upon  the  shaft  d,  containing  44 
teeth,  to  turn  the  pinion  No.  4.  having  15  teeth,  which  is  fas- 
tened upon  the  horizontal  axle  h.     On  this  axle  is  also  fixed 
the  barrel  k,  on  wliich  go  the  two  leather  belts  that  turn  the 
wire  engine  and  bolting  mill,     l,  an  iron  spindle,  in  the  under 
end  of  which  is  a  square  socket  that  takes  in  a  square  on  the  top 
of  the  gudgeon  of  the  vertical  shaft  d.     There  m  a  pinion  m,  of 
.  9  teeth,  fixed  on  the  upper  end  of  the  spindle  l»  to  turn  the 
wheel  MM,  having  48  teeth,  which  is  fastened  upon  the  axlo 
round  which  the  rope  zz  rolls,  to  carry  the  sacks  of  flour  up  to 
the  cooling  benches.     By  pulling  the  cord  oo  a  little,  the  wheel 
MM  and  its  axle  are  put  into  motion,  in^  consequence  of  that 
wheel  and  its  axle  being  moved  horizontally,  until  the  teeth  of 
the  wheel  are  brought  into  contact  with  those  of  the  pinion  at 
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tht  top  of  the  spindle  l  :  and^  on  the  contrary,  by  polling  die 
cord  pFy  the  wheel  m  and  its  axle  are  moved  in  the  opposite 
Jhorizofital  direction,  tUl  th^  are  thrown  out  of  geer  with  the 
pinion,  and  the  rotatory  motion  of  that  wheel  stops.  But  when 
the  sack  of  flour  is  raised  up  to  the  lever  q,  it  pushes  up  that 
end  of  the  lever,  and  of  course  the  other  end  down ;  by  which 
means  the  pinion  m  is  disengaged^  and  thus  that  part  of  the  ma- 
chin^  stops  of  itself.  NN  are  two  large  hoppers,  into  which  the 
clean  wheat  is  put  to  be  conveyed  down  to  the  hoppers  ss^ 
placed  on  the  frame  immediately  above  the  miU-stqnes.  ww, 
the  side-wall  of  the  mill-house,  v,  the  couples  or  frame  of  the 
roof.     XX,  windows  to  lighten  the  house. 

Fig.  1.  in  the  margin'  represents  the  surface  of  the  under 
grinding  mill-stone ;  the  way  of  laying  out  the  roads  or  channels; 
the  wooden  bush  fixed  into  the  hole  in  its  middle,  in  which  die 
upper  end  f>f  the  iron  spindle  turns  round;  and  the  case  or 
hoops  that  surround  the  upper  one,  which  ought  to  be  two 
inches  clear  of  the  stone  all  round  its  circumference. 

Fig.  d.  the  upper  grinding  mill-stone,  and  iron  cross  or  rind 
in  its  middle ;  in  the  centre  of  which  is  a  square  hose  that  takes 
in  a  square  on  the  top  of  the  iron  spindle,  to  carry  round  the 
miU-stone.  When  the  working  sides  or  faces  of  the  mill-stones 
are  laid  uppermost,  the  roads  (or  channels)  must  lie  in  tlie  same 
direction  m  both ;  so  that  when  the  upper  stone  is  turned  over, 
and  its  surface  laid  upon  the  under  one,  then  the  channels  may 
cross  each  odier,  which  assists  in  grinding  and  throwing  out  the 
flour ;  the  sharp  edges  of  the  two  furrows  then  cutting  against 
each  other  like  scissors.  The  roads  are  likewise  laid  out  accord- 
ing to  the  way  the  upper  stone  revolves.  In  those  represented 
in  die  figures  the  runnii^  mill-stone  is  supposed  to  turn  *^  suti^ 
v^y"  or  as  in  what  is  called  a  right-handed  mill :  but  if  the 
stone  revolves  the  other  way  the  channels  must  be  cut  the  re- 
verse of  this,  and  then  the  mill  is  termed  a  left-handed  one. 

The  elevation  of  this  mill  may  be  seen  in  Uray's  Millwright, 
pi.  XXXI. 

It  will  not  be  expected  that  we  should  allot  much  space  to 
the  theory  of  flour-mills,  though  it  may  not  be  advisable  to 
pass  it  over  entirely.  We  shall  therefore  give  two  or  three 
theorems  for  a  single  flour-miU  of  the  common  construction, 
which  may  be  applied  with  facility,  so  far  as  they  are  usefiil,  to 
double  or  triple  mills. 

Let  the  weight  of  the  upper  stone  when  furrowed  be  =  w, 
the  resistance  of  the  com  reduced  to  the  distance  of  the  centre 
of  gyration,  or  at  |.  of  the  radius  of  the  upper  stone  =  £,  then 

according  to  Belidor,  ^  ^  ^>  while  according  to  Fabre  r  =: 


Digitized  by 


Google 


Flour-mill.  191 

^.    But  when  Ae  upper  stone  to  work  most  advantageously 
in  every  respect  goes  round  GO  times  in  a  minutei  we  have 

_  60     3w   ^       60  Sw  _^    Dw 

*  ^  H  '  35  ""  450^-0  '57  "^  TalJ 

Thb,  however^  would  require  an  upper  roill-stone  of  about  7} 

feet  diameter :  for  when  the  diameter  of  that  stone  is  D  in  feet^ 

and  N  the  most  advantageous  number  of  rotations  in  1  minute, 

we  have,  from  many  observations,  nz=  — ,  as  introduced  into 

the  preceding  theorem ;  and  this,  when  n  =:  60,  gives  d  =  7|« 
Let  the  whole  friction  when  reduced  to  f  of  the  radius  of 
the  upper  stone  be  represented  by  F,  and  the  effective  distance 
of  the  force  or  power  from  the  axe  on  which  the  stone  revolves 
s  r,  the  number  of  teeth  in  the  first  or  commanding  wheel  =: 
M,  and  the  number  of  staves  in  the  trundle  =:  m,  the  number  of 
revolutions  of  the  water-wheel  in  1  minute  =  n,  the  power 
which  at  the  distance  r  from  the  axe  of  the  water-wheel  is  ne* 
cessary  to  retain  the  whole  load  in  equilibrium  =  p  ;  so  shall 
we  have 


M 


rP  =  ;7-Ti>(»+F) 
whence,  p  =  -^  (r+f) 

or,  because  — •  =:  — 

we  have  p=  "^(»+p)- 

Let  the  time  in  seconds  in  which  the  water-wheel  revolves 
be  ^  t,  the  velocity  with  which  any  point  in  its  circumference 
moves  =  V,  the  height  due  to  this  velocity  being  =:  A,  v  s: 
3-14I59S,  andg  =  16^  feet,  then  is 

t  =  —  =  -— r ,  and  n  =  —  =:  — 2^^— 

But  it  is  also  n  =  -N  =  5  .  ±£ 

M  MP 

tlierefore =  — 2-    and  r=      .^^ 

DM  «r      ^  450«« 

An  undershot- wheel  produces  the  greatest  useful  effect,  when 
the  height  due  to  the  velocity  of  the  impinging  water  being  h, 
we  have  h  =  ^h,  or  x>  :  v  :  :  ^/f  :  1  :  ;  2'4  nearly :  retaining 
these  as  sufficiently  exact  for  practice,  the  most  advantageous 
radius  of  the  undershot  water-wheel,  the  water  pushing  against 
shovels  or  float-boards,  is 

^  60dm VHg9)   ^  0019pm ^/gg 
P  "^        450«M        ""  m 

•0101  DM  V 

or  again  f  =:  — ^ 

where  v  is  the  velocity  of  the  impinging  water. 
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But  ID  yBdenbot-miDs  die  ftll  it  seldem^  if  ever,  inofe  thtfi 
16  or  16  feet:  in  that  caae  the  most  advaDtageous  position  of 
the  work  is  to  have 

»    *"         DV      * 

Further,  let  l  =  the  number  of  pounds  of  meal  which  are 
produced  every  hour,  5  ss  the  specific  gravity  of  the  upper  mill- 
stone, that  of  water  being  unity,  and  b  the  solid  content  of  the 
stone  in  cnbic  feet :  the  remaining  tetters  having  the  same  ac-' 
ceptation  as  before :  then 

for  lye  and  wheat  l  =  0*021  b'^b  —  pounds, 
for  old  barley  l  s  0'06d*5B  —  pounds. 

Mr.  Ferguson  has  made  some  practical  observations  on  milla, 
vrhich,  as  they  are  not  far  from  coincidence  with  Ae  preceding 
theorems,  may  be  introduced  here. 

When  the  diameter  of  the  upper  stone  is  about  6  feet,  as  is 
generally  the  case,  the  lower  is  about  an  inch  more :  the  upper 
stone  then  contains  about  22|  cubic  feet,  and  weighs  rather 
more  than  19000  pounds.  A  stone  of  this  kind  ought  never  to 
revolve  more  than  60  or  70  times  in  a  minute ;  for  a  more  rapid 
motion  would  heat  the  meal.  Nor  must  the  water-wheel  be  too 
large,  for  in  that  case  its  angular  motion  will  be  too  slow ;  on 
the  contrary,  if  the  wheel  be  too  small,  it  will  be  deficient  in 
moving  power:  18  feet  diameter  is  recommended  as  a  proper 
medium.  And  Mr.  Ferguson,  on  the  supposition  that  the  Boats 
of  the  wheel  ought  to  move  vrith  a  third  part  of  the  velocity  of 
the  water — a  supposition,  however,  which  is  not  strictly  consist- 
ent either  with  theory  or  with  Mr.  Smeaton's  experiments  (see 
vol.  I.  arts.  47S,  48S,  &c.) — gives  the  following  rules  for  con- 
structing the  chief  parts  of  the  mill. 

1 .  Measure  the  perpendicular  height  of  the  fall  of  water  in  feet 
above  that  part  of  the  wheel  on  which  the  water  begins  to  act, 
and  call  that  tiie  height  of  the  fall. 

2.  Multiply  this  constant  number  64-2882  (or  rather  6^)  by 
the  height  of  the  fall  in  feet,  and  extract  the  square  root  of  die 
product,  which  will  be  the  velocity  of  the  water  at  the  bottom 
of  the  fall,  or  the  number  of  feet  the  water  moves  per  second. 

S.  Divide  the  velocity  of  the  water  by  3;  and  the  quotient 
will  be  die  velocity  of  the  floats  of  the  wheel  in  feet  per  second. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the  ve- 
locity  of  its  floats ;  and  the  quotient  will  be  the  number  of  seconds 
in  one  turn  or  revolution  of  the  great  water-wheel,  on  the  axis  of 
which  is  fixed  the  cog-wheel  t£it  turns  die  trundle. 

5.  Divide  60  by  d^  number  of  seconds  in  one  turn  of  the 
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iwattr-whed  or  cog-^wheel ;  and  the  quotient  will  be  tbc  number 
of  turns  of  ehher  of  dieae  wbeek  in  a  miBule. 

6.  Divide  60  (the  number  of  turns  the  millstone  ought  t» 
hare  in  a  minute)  by  the  aboTesaid  number  of  turns ;  and  the 
quotient  will  be  the  number  of  turns  the  millstone  ought  to 
have  for  one  turn  of  the  water  or  cpg  wheel     Then, 

1,  As  the  required  number  of  turns  of  the  millstone  in  a  ni» 
xmte  is  to  the  number  of  turns  of  the  coc-wheel  in  a  minute^  so 
must  the  number  of  cogs  in  the  wheel  be  to  the  number  of 
stafves  or  rounds  in  the  trundle  on  the  axis  of  the  millstone,  in 
tiie  nearest  whole  number  that  can  be  found. 

Bj  these  rules  the  following  table  is  calculated;  m  which  the 
diameter  of  the  water  wheel  is  supposed  18  fee^  and  conse- 
quently its  circumference  56f • 


The  Millwrighfs  Table. 
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for  one 

•tone  in 

ofUie 
fall  of 

feel  per 
second. 

wheel  in 
a  minute. 

millitoue 
for  each 

turn  of 
the  wheel 

amia. 
by  these 

f 

water. 

turn  of 

1 

bythcM 

cogs  And 

thewbeel 

i 

cogs and 

staves. 

r 

itavei. 

1 

8-09 

8-67 

9-83 

81-80 

187 

6 

8117 

59*91 

8 

11-40 

3-78 

4-0O 

15*00 

105 

7 

15-00 

60-00 

3 

13-89 

4-63 

4*91 

12-83 

98 

8 

18-85 

60-14 

4 

16  04 

5-S5 

5-67 

10-58 

95 

9 

10-56 

59*87 

5 

n-93 

5-98 

6-34 

9*46 

85 

9^ 

9^ 

59-84 

6 

19-64 

6-55 

6-94 

8*64 

78 

9 

8*66 

60-ie 

7 

81*31 

7-07 

7-50 

8  00 

78 

9 

8*00 

6000 

S 

88-68 

7-56 

8-08 

7*48 

67 

9 

7*44 

59*67 

9 

84H>5 

8-08 

8*51 

7*05 

70 

10 

7-00 

59-57 

10 

85-35 

8*45 

897 

6*69 

67 

10 

6*70 

60*09 

11 

36-59 

8*86 

9-40 

6*38 

64 

10 

6*40 

60-16 

13 

2777 

9*86 

9-88 

6*11 

61 

10 

6*10 

59*90 

13 

28-91 

9-64 

10-88 

6-87 

59 

10 

5-80 

60-18 

U 

30  00 

1000 

10*60 

5*66 

56 

10 

5-60 

59-36 

15 

S105 

10*35 

10*99 

5*46 

55 

10 

5*40 

60*48 

16 

38-07 

10-69 

11-84 

539 

53 

10 

5-30 

60-10 

17 

33-06 

11-09 

11-70 

&-13 

51 

10 

5*10 

59-67 

18 

34-09 

11*34 

18*09 

4-99 

50 

10 

5-00 

60*10 

19 

34-95 

11*65 

18-37 

4*85 

49 

10 

4*80 

60-61 

90 

35*86 

1198 

18*68 

4*73 

47 

10 

4*70, 

59*59 

▼OL.  II. 
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Mr.  Penwidc,  tke  author  of  **  Essays  on  Practical  Meeh»- 
nics/'  made  a  nuinerous  set  of  experiments  on  some  of  the  best 
mills' for  gnnding  corny  in  order  to  fomr  a  set  of  tables  illustra- 
tite  of  the  effect  of  a  given  quantity  of  water,  in  a  given  time, 
applied  on  s^n  overshot  water-wheel  of  a  given  size.  His  ob^ 
servations,  tables^  and  examples,  will  form  the  remaining  part 
of  this  article. 

Tiie  quantity  of  water  expended  on  the  water-wheel  wtas 
measured  with  great  exactness;  the  com  used  was  in  a  medium 
state  of  dryness;  the  mills,  in  all  their  parts,  were  in  a  medium 
working  state;  the  millstones,  making  from  90  to  100  revolu*^ 
lions  per  minute,  were  from  4}  to  5  feet  in  diameter. 
-  The  re«ilt  of  the  experiments  was,  that  the  power  requisite 
to  raise  a  weight  of  SOOlbs.  avoirdupois,  with  a  velocity  of  190 
feet  per  minute,  would  grind  I  boll  of  good  rye  in  I  hour;  but, 
for  the  sake  of  making  the  following  tables  hold  in  practice, 
where  imperfection  of  construction  exists  in  some  small  degree, 
i^i^  taken  at  300lbs.  raised  with  a  velocity  of  £10  feet- per 
minute,  (being  1-lOth  more);  and  for  grinding  2,  3, 4^ or  5  bolls 
of  rye  per  hour  requires  a  power  equal  to  that  which  could  raise 
300lbs.  with  the  velocity  of  350,  506,  677,  or  865  feet  per 
minute  respectively.  The  difference  of  the  power  requisite  to 
grind  equal  quantities  of  wheat  from  that  for  rye  will  be  very 
trifling. 

The  power  required  to  raise  a  weight  of  300lbs.  avoirdupois, 
miih  a  velocity  of  390  feet  per  minute,  will  prepare  properly 
1  ton  of  old  rope  per  week,  for  the  purpose  of  making  paper ; 
and  for  preparing,  in  like  manner,  2  tons  of  the  same  kind  of 
materials  per  week,  requires  a  power  able  to  raise  SOOlbs.  with 
a  velocity  of  525  feet  per  minute;  the  mill  working  from  10  to 
12  hours  per  day. 
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A  SET  o?  TABLES,  skewtng  ikt  quantity  of  water  {ale  mea- 
sure) requisite  1o  grind  different  quantities  of  corn,  from  I  to  5 
bolls  {Winchester  measure)  per  hour,  applied  on  overshot  water- 
wheelsyfrom  10  /o  ^2  feet  diameter-^  aha  the  size  of  the  cylinder 
of  the  common  steam^ngine  to  do  the  same  work. 


The 

water-wheel 

,   10  feet   1 

The  1 

water-wheel. 

,  13  feet 

diameter.                  | 

diameter. 

Bolls  of 

Quantity  of 

Diameter  of 

BolU  of 

Quantity  of 

Diameter  of 

com 

water  requi- 

Ihe cylinder 

corn 

water  requi- 

the cylinder 

^rouDd 

site  io  ale 

of  a  steam-en- 

ground 

site  in  ale  . 

of  a  steam  en- 

per bour. 

gallons. 

gine  to  do  the 

per  hour. 

gallons, 

gine  to  do  the 

per  minute. 

same  work, 
in  inches. 

per  minute. 

same  work, 
in  inches.    • 

1 

786 

12-5 

1 

606 

12-5 

\\ 

105G 

14-6 

l\ 

806 

14-6 

• 

1341 

16-75 

2 

1009 

16-75 

n 

1617 

18-5     . 

«4 

1234 

18-5 

3 

1894 

20-2 

3 

1458 

20-2 

Si 

9820 

21-75 

^ 

1705 

21-75 

4 

2541 

23-25 

4 

1952 

23-85 

«i 

2891 

24-75 

*4 

2223 

24-75 

5 

3242          f       26*35 

5 

2494 

26-25 

The  water-wheel,  11  feet 

The  water- wheel,  14  feet 

diameter.- 

diameter. 

Bolls  per 

Water,  gallons 

Cylinder,  in 

Bolls  per 

Water,  gallons 

Cylinder,  in 

hoar. 

per  minute. 

inches. 

hour. 

per  minute. 

inches. 

1 

705 

12-5 

I 

564 

12-5 

li 

945 

14-6 

li 

740 

14  6 

2 

1188 

16-75 

2 

927 

16-75 

«l 

1454 

18-5 

n 

1140 

18-5 

S 

1723 

20-2 

3 

1353 

20-2 

H 

8014 

21-75 

3i 

1583 

21-75 

4 

2306 

23-25 

4 

1811 

23-85 

4i 

3626 

24-75 

4i 

2060 

24-75 

5 

8944 

26-25 

5^ 

2306 

26-25 

The  water-wheel,   12  feet 

The  water-wheel,   15   feet 

diameter. 

diameter. 

Bolltper 

Water,  gallons 

Cylinder,  in 

Bolls  per 

Water,  gallons 

Cylinder  in 

hour. 

per  minute. 

inches. 

hour. 

per  minute. 

inches. 

1 

655 

12-5 

1 

535 

18-5 

If 

873 

14-6 

^ 

710 

14*6 

.     2 

1091 

16-75 

3 

894 

16'75 

H 

1343 

18-5 

«i 

1090 

18-5 

3 

I57« 

20-2 

3 

1890 

20-2 

H 

1840 

21-75 

3f 

1503 

31-75 

4 

2117 

23-t5 

4 

1717 

33-85 

H 

2408 

24-75 

4i 

1967 

24-75 

5 

2700 

26-25 

5 

^211 

86-25 

02 
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The  water-wheel,  16  feet 
diameter. 


Boflffof 
com 

ptrhour. 


Quantity  of 

water  rcqui- 

gite  in  ale 

gallons, 

permiottte. 


Diameter  of 
tbe  cyiioder 
of  a  tteam-en- 
pnetodotbe 

same  work, 
ID  inches. 


The  water-wheel,  19  f^et 
diameter. 


BoUsof 

com 

gronnd 

per  hour. 


Qnantity  of 

water  requt- 

siie  in  ale 

gallons^ 

per  miniite. 


Dianeterof 
tbe  oy  Under 
of  a  steam-en- 
gine to  do  the 

same  work» 
in  inches. 


1 

s 


491 
650 
811 
999 
1176 
1380 

1803 
SOSS 


U-5 

14-6 

16-75 

18«5 

30*2 

81-75 

33*35 

34-75 

86*85 


The  wliter-wheel,  17  feet 
diameter. 


Bolls  per 
hoar. 


1 

If 
8 

5 


Water,  gallons 
per  minute. 


458 

638 

770 

943 

1117 

1300 

1483 

1695 

1906, 


Cylinder,  in 
inches. 


18*5 

14-6 

16-75 

18*5 

80-8 

8175 

33-85 

84-75 

86*35 


The  water-wheel,   18  feet 
diameter. 


BellapcrpPlftter,  gallons 
boor.*       per  minute. 


1 

1* 

8 

2* 
9 

H 

4 

5 


440 

595 

730 

860 

J  054 

1227 

1400 

1600 

1800 


Cylinder,  4n 
inches. 


12-5 

14-6 

16-75 

18-5 

80*3 

31.75 

33-35 

84*75 

86*05 


1 

H 

3 

H 

4 
5 


411 

550 

690 

845 

1000 

1165 

1330 

1&17 

1707 


12-5 

14*f 

16*7S 

18*5 

80*8 

21*75 

83*35 

34*75 

86-85 


The  water-wheel,  26  ftet 
diameter. 


Bolbper 

Water,  gallons 

pjlindcr,ia 

hour. 

per  minute. 

inches. 

1 

398 

18*5 

H 

530 

14-6 

8 

675 

16-75 

H 

808 

18*5 

3 

945 

80-8 

H 

1110 

31*75 

4 

1270 

33*85, 

H 

1445 

84*75 

5 

1683 

86*35 

The  water-wheel,  21  £eet 
diameter. 


Bolls  per  Water,  gaUons 
hour.       per  minute. 


I 

If 

8 

H 

3 

H 

4 

5 


370 

5()0 

635 

767 

900 

1060 

1812 

1379 

1547 


Qylinder,  in 
inches. 


19*5 
14*6 

16*75 

18-5 

30*8 

21*75 

88*85 

84*75 

86*25 
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l>e  water-wheel,  23  feet 
diameter* 


Bolltof 

corn 

jprnofed 

ptr  boar. 


Qaaatity  of 

water  raqui- 

tite  in  ale 

gallonfy 

per  mioate. 


Diameter  of 
the  cylinder 
of  a  fteam-eo- 
gine  to  do  the 
fame  work, 
in  inches. 


Bolltof 

com 

ground 

per  hour. 


The  water-wheel,  25  feet 
duoneter. 


i^uantity  of 

water  requi- 

fite  in  ale 

gallons, 

per  minnte. 


Diameter  of 
thecylinaer 
ofastcam-eo* 
ginetodotba 
same  work. 
In  inches. 


1 
S 

s 
H 

4 

I* 


S50 

473 

594 

122 

860 

1007 

1153 

1313 

1473 


13-5 

14-6 

16-76 

18-5 

30*8 

31 -75 

«3-25 

34-75 

36-85 


1 

H 
8 

3 

4 
5 


316 
418 
580 
635 
758 
876 
985 
1150 
1300 


12-5 

14-6 

16'75 

18*5 

30*3 

31*75 

33*35 

34-75 

36*85 


The  water-wheel,  23  feet 
diameter. 


hour. 


1 
3 
5 


Water,  galloi 
per  minate.' 


338 

454 

570 

707 

884 

964 

1134 

1358 

1413 


Cylinder,  in 
inches. 


18-5 

14*6 

16«75 

18-5 

80*8 

31-75 

33-35 

34-75 

36*35 


The  water-wheel,  84  feet 
diameter. 


Bollip|W«ter, 


V  gallons 
permkiute. 


Cylinder,  in 
inches. 


The  water-wbeel,  86  feeC 
diameter. 


Cyliiid«r,iB 
inchnt. 


13-5 

14*6 

16-75 

18*5 

30-3 

21*75 

83-^ 

24*75 

36-85 


The  water-wlieel,  27  feet 
diameter. 


Bolls  peri  Water,  gallons 
hoar.    I  per  minnte. 


Cylinder,  in 
inches. 


1 

1§ 

3 

I* 

Si 

4 
f 


537 

436 

545 

671 

788 

930 

1055 

1804 

1350 


18-5 

14-6 

1675 

18-5 

30-8 

31*75 

83-85 

84-75 

36*85 


1 

H 

8 

3 

H 

4 
5 


893 
385 
483 
593 
703 
838 
940 
1070 
1300 


13*5 

14-6 

16*75 

18*5 

30*3 

31*75 

33*35 

34-75 

36*35 
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The  wtter-wheel, 

28  feet 

The  water-wheel. 

30  feet 

diameter. 

diameter. 

V 

Bolls  of 

Quantity  of 

Diameter  of 

Bolls  of 

Quantity  of 

Diameter  of 

corn 

water  requi- 

the cylinder 

corn 

water  requi- 

the cylind^ 

groand 

site  in  ale 

of  a  f:tcam-en- 

ground 

site  in  ale 

of  a  steaiii-€D- 

per  hour. 

gallons. 

gine  to  do  the 

per  hour. 

gallons. 

gine  to  do  th« 

per  minute. 

same  worlt, 
in  inches. 

per  minute. 

same  wot I», 
in  inches. 

1 

982 

12-5 

1 

267 

V2'5 

li 

370 

14-6 

1  § 

r55 

14-6 

« 

463 

16-75 

9 

447 

16-75 

^ 

570 

18-5 

Si 

545 

18-5 

3 

676 

20-2 

3 

645 

£0-2 

3§ 

791 

21-75  . 

3* 

750 

21-75 

4 

905 

23-25 

4 

858 

~23-«5 

4« 

1030 

24-75 

4* 

983 

24-75 

5 

1153 

26-25 

5 

1106 

26-95 

• 

The  water-wheel; 

29  feet 

The 

water-wheel 

,  31  feet 

diameter. 

diameter 

BoUi  per 

Water,  gallons 

Cylinder,  in 

BoUs  per 

Water,  gallons 

Cylinder,  m 

hour. 

per  minute. 

inches. 

hour. 

per  minute. 

inches. 

1 

874 

12-5 

1 

256 

12-5 

ti 

363 

14-6 

li 

340 

14-6 

f 

455 

16-75 

2 

426 

16-75 

2* 

557 

18-5 

H 

520 

18-5 

3 

660 

20-2 

3 

620 

20-2 

3* 

770 

21-75 

3* 

717 

21-75 

4 

880 

23-25 

4 

827 

23-25 

-»§ 

1005 

24-75 

4i 

940 

24*75 

S 

1130 

26-25 

5 

1058 

16-2J 

The  water-wheel,  32  feet  diameter. 


Bolls  of  corn  ground 

Quantity  of  water 

Diameter  of  the  cy- 

per hour. 

requisite  in  ale 

gaU 

linder  of  a  steam- 

Ions,  per  minute. 

engioetodothesane 

work,  in  inchet. 

1 

245 

12-5 

li 

325 

14*6 

2 

406 

16-75 

H 

496 

18-5 

5. 

588 

20-2 

H 

690 

»l-75 

4 

79r 

23-25 

H 

900 

24-75 

.         .       5.      .         , 

1012 

a6-.25         1 
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To  mrice  (he  foregoiag  tables  applicable  to  mills  intended  to 
be  turned  by  undershot  or  breas:  water-wheels:  from  Smeaton's 
experiments  it  appears,  that  the  power  required  on  an  under* 
.  sbot  water*  wheel,  to  produce  an  effect  e^ual  to  that  of  an  oter- 
shot  (to  which  the  tables  are  applicable),  is  as  2*4  to  1 ;  and  also 
tbe  power  required  on  a  breast  water-wfaeel«  which  receives  the 
water  on  some  point  of  its  circumference,  and  afterAvards.d»» 
scends  on  the  ladle  boards,  to  produce  an  equal  effect  with  an 
overshot  water-wheel,  is  as  1*75  to  1. 

A  TABLE,  shewing  the  nece^sari/  size  of  the  cylinder  of  a 
common  steam  engine  to  grind  different  quantities  of  corn^ 
from  1/012  bolls  (4  to  48  bushels  Winchester  measure)  per 
hour. 


BoUt  of  corn  ground 

Diameter  of  the  cylinder. 

per  hour. 

in  inches. 

1 

12-3 

1« 

14-6 

8 

1675 

S| 

18-5 

3 

»hS 

H 

9 1*75 

4 

S3«25 

4i 

S4*75 

5 

26  85 

31 

87-S5 

6 

28-1 

^ 

29 

1 

298 

7* 

31*1 

8 

32 

8| 

33*3 

^ 

34-2 

n 

35-2 

10 

36 

,       10§ 

37-3 

11 

38 

nj 

38*85 

IS 

39-5 

N.B.  This  Uble  will  be  applicable  to  aoj  improred  iteam-ensiae,  as  wall  as 
;that  of  tbe  common  kind,  if  tbe  ratio  of  their  efficacies  is  known* 

Application  of  the  tables. 

.  Example  I.— If  a  siream  of  water,  producing  808  gallons 
iale  measure  per  minute,  can  be  applied  on  an  overshot  water- 
wheel  20  feet  diameter,  what  quanUty  of  com  will  it  beidble  to 
f^ind  per  hour  i 
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Look  in  tbe  tables  under  a  9d  feet  waten^vheel,  aad  oppo* 
rite  808  gallons  will  be  found  2|  bolls  of  com  ground  per 
bour* 

Example  II. — If  a  stream  of  water,  producing  808  gallons 
ak  measure  per  minute,  can  be  applied  to  an  undershot  water-* 
wheel  20  feet  diameter,  what  quantity  of  com  can  it  grind  per 
fcour  i 

It  is  found  by  tbe  tables,  that,  if  applied  on  an  overdiot 
water-wheel  20  feet  diameter,  ik%  stream  will  grind  2}  lioMm 
per  hour;  and,  from  page  199,  the  power  required  by  Uie  un- 
dershot to  that  of  th^  overshot  water-wheel,  to  produce  an  eaual 
effect^  is  as  2*4  to  1 ;  therefore,  as  2*4  :  1  : :  2*5  :  1*04  bolls  of 
i:orn  ground  per  hour  by  means  of  the  8tr|sam. 

ExAMPLK  III« — If  a  stream  of  water,  producing  808  gal^ 
Ions  ale  measure  per  minute,  can  be  applied  on  a  breast  water- 
wheel  20  feet  diameter,  what  quantity  of  com  can  it  grind  per 
hour  ? 

It  is  found  by  the  tables,  tha^t  if  applied  on  an  overshot 
water-wheel  of  equal  size,  2}  bolls  of  corn  will  be  ground  per 
bour ;  and,  from  page  199,  the  power  of  a  breast  water-wheel 
<  to  that  of  an  overshot  water-wheel,  to  produce  an  equal  effect, 
as  as  1*75  to  1 ;  therefore,  as  1*75  :  1  : :  2*5  :  1*42  bolls  of  com 
ground  per  hour  by  the  stream. 

Example  IV* — Of  what  diameter  must  the  cylinder  of  a 
common  steam-engine  be  made,  to  grind  10  bolls  of  com  per 
hourf 

By  looking  in  die  table,  page  199,  opposite  10  bolls  ground 
per  hour,  the  diameter  of  the  steam  cylinder  will  be  found  to  be 
86  inches. 

FLY,  is  a  name  given  to  a  certain  appendage  to  tnany  ma-' 
chines,  either  as  a  reguiator  of  their  motions,  or  as  a  collector  of 
power.  When  used  as  a  regulator,  the  fly  is  commonly  a  heavy 
disk  or  hoop  balanced  on  its  axis  of  motion,  and  at  right  angk^ 
to  it :  though  sometimes  a  regulating  fly  consists  of  vanes  or 
wings,  which  as  they  are  whirled  round  meet  with  considerable 
resistance  from  the  air,  and  thus  soon  prevent  any  acceleratioii 
in  the  motion  t  but  this  kind  of  regulator  should  rarely,  if  ever, 
be  introduced  in  a  working  machme,  as  it  wastes  much  of  the 
moving  force.  When  the  fly  is  used  as  a  collector  of  power, 
it  is  frequently  seen  in  tbe  fonpi  of  heavy  knobs  at  the  opposite 
ends  of  a  straight  bar ;  as  in  the  coining-press.  In  arts.  18.  •  S3. 
tof  the  introductory  part  of  this  vokm^  the  reader  will  find  se- 
veral remarks  on  dhe  nature  and  opei^tioa  of  tbe  different  kinds 
€if  flies  used  in  machines. 
*   FOOT-MILL^  is  a  mill  for  grindiBK-  com  or  any  otii^  ask* 
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•tenee,  norad  by  Aie  pressure  of  die  feet  of  men  or  animal  s.  In 
sowie  foot-mills^  a  borse  or  an  ox  is  fixed  to  a  stall  upon  a  floor 
above  a  vkticdi  wheel ;  and  a  hole  is  made  in  the  floor  in  the 
place  where  the  hind  feet  of  the  animal  should  stand,  thus  ad- 
mitting those  feet  to  press  upon  the  rim  of  a  wheel,  and  cause 
Ifae  wheel  to  turn  upon  its  axle,  and  give  motion  to  the  whole 
nfilL  But  in  this  kind  of  machine  the  animal  will  be  obliged 
very  unnaturally  to  move  his  hind  feet  while  his  fore  feet  will  be 
at  rest :  and  further,  the  motive  force  being  applied  near  the 
vertex  of  the  wheel  will  act  but  with  little  advantage ;  and  the 
work  done  will  be  comparatively  trifling. 

A  much  more  judicious  construction  of  a  foot-mill  is  given 
mG.  A.  Bockler^i  Theatrum  Machimtrum,  published  at  Nti- 
rembur^hy  in  1661«  This  mill  is  represented  in  fig.  1.  pi.  XV* 
^  18  an  mclined  wheel,  which  is  turned  b  v  the  weight  of  a  man, 
and  tlie  impulsive  force  of  his  feet  while  he  supports  himself,  or 
occasionally  pushes  with  his  hands  at  the  horizontal  bar  h.  The 
htCB  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  distances,  to  keep  the  feet  of  the  man  from  slipping 
wUle  he  pushes  the  wheel  round ;  and  the  under  side  has  pro- 
jecting teeth  or  waves  which  catch  into  the  cogs  of  the  trundle 
M,  and  by  that  means  turn  the  horizontal  shaft  o  with  its  wheel 
o:  this  latter  wheel  turns  the  trundle  D,  the  axle  of  which  caiu 
lies  the  tipper  millstone  e.  This  kind  of  footniill  will  answer 
extremely  well  to  grind  malt,  8cc.  when  no  very  great  power  is 
required.  The  advantages  and  disadvantages  of  the  inclined 
irheel  have  been  stated  under  the  article  Ckane,  whendescrib- 
iag  the  contnvauce  of  Mr.  Whyte,  which  is  the  same  as  thb  o£ 
Bockler^s  with  respect  to  the  wheel. 

TORCER,  TBMPOBARY,  for  a  pump,  is  a  contrivance  to 
produce  a  constant  stream.  A  very  simple  forcer  of  this  kind 
has  been  devised  by  Mr.  R.  Trevithick :  it  consists  in  fixing  a 
barrel  with  a  solid  piston  along  the  side  of  the  tommon  pump, 
in  such  a  manner,  tnat  the  lower  space  of  the  additional  barrel 
may  communicate  with  the  space  between  the  two  valves  of  the 
pomp ;  and,  lastly,  by  connecting  the  rods  so  that  they  may 
work  together.  'Iliis  is  shewn  in  fig.  1.  plate  IX.;  and  the 
effect  is,  that  when  the  pistons  are  raised,  the  spaces  beneath,  a 
•nd  B,  become  filled  by  the  pressure  of  the  atmosphere,  at  the 


time  that  the  upper  column  flows  out  at  e.  But  again, 
when  the  pistons  descend,  the  valve  c  shuts,  mid,  consequently, 
Ihe  water  driven  by  the  piston  in  b  must  ascend  through  a,  and 
•OQtinue  to  produce  an  eqiud  discharge  through  e  io  the  down 
•troke.  (A/icA.  Jaum.  No.  7.  N.  S.) 
FOUNTAIN,    Hbbo's.      See   Hydraulic    machines, 
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GIBBET^  or  JIB,  of  a  crane,  the  projecting  beam,iipon  tfab 
extremitj  of  which  is  fixed  a  pulley  for  the  rope  to  pass  over 
that  raises  the  weight :  it  is  represented  by  def,  in  fig.  8.  pi.  IX* 
Jibs  of  tlie  usual  construction  turn  on  two  solid  gudgeons.  The 
rope  by  which  the  goods  are  raised  passes  over  the  upper 
gudgeon,  and  is  confined  between  two  small  vertical  rollers,  in 
order  that  it  may  constantly  lead  fair  witli  the  pulley  or  sheave 
at  the  extremity  of  the  jib.  According  to  this  construction, 
whenever  the  crane  turns  round  its  axis,  the  rope  is  bended  so 
as  to  form  an  angle  more  or  less  acute,  which  causes  a  great 
increase  of  friction,  and  produces  a  continual  effort  to  bring  the 
arm  of  the  jib  into  a  parallel  position  to  the  inner  part  of  the 
rope.  These  inconveniences  may  appear  to  be  trifling  on  paper, 
but  in  actual  practice  they. are  of  no  small  importance,  for  they 
.necessarily  imply  a  much  greater  exertion  of  power  in  raising 
goods,  and  the  application  of  a  constant  force  to  keep  the  jib 
in  the  position  that  may  be  requisite;  while  the  partial  stress 
which  is  exerted  on  only  a  few  strands  of  the  rope,  when  bended 
into  an  acute  angle,  infallibly  destroys  it  in  a  very  short  time. 

The  simple  construction  proposed  by  Mr.  J.  Bramah  obviates 
all  these  defects,  and  at  the  same  time  possesses  the  very  de- 
sirable property  of  permitting  the  jib  of  what  is  termed  a  camp- 
shut  or  landing  crane  wholly  to  revolve  round  its  axis,  and  to 
land  goods  at  any  point  of  the  circle  described  by  the  arm  of 
the  jib. 

It  consists  in  perforating  the  axis  or  pillar  of  the  crane,  and 
in  conducting  the  rope  through  this  perforation  by  means  of  an 
additional  pulley  fixed  on  the  top  of  the  arm  of  the  jib.  The 
rope  proceeds  from  the  goods  which  are  hoisted,  through  a  pulley 
fixed  as  usual  at  the  extremity  of  the  jib ;  it  then  passes  over  an- 
other pulley  fixed  at  the  opposite  extremity  of  the  Jib,  and  is 
'by  thb  pulley  conducted  through  the  perforated  axis  or  pillar 
to  a  diird  pulley ;  whence  it  is  immediately  directed  to  the  crane 
by  which  the  weight  is  elevated. 

It  is  almost  unnecessary  to  state  that  the  lower  axis  is  usually 
fixed  in  an  oil  box,  and  that  friction  rollers  are  applied  to  the 
axis  wherever  the  circumstances  may  render  it  necessary. 

When  great  weights  are  to  be  raised,  as  large  stones  from  a 
<]uarry,  or  pieces.of  ordnance  from  a  ship  to  a  quay,  the  crane 
is  commonly  a  fixed  one,  and  only  the  gibbet  moveable,  from 
which  the  weight  hangs.  Here,  in  the  common  way  of  work- 
ing a  crane,  the  rope  of  which  runs  between  two  vertical  rollers, 
there  is  often  much  danger  in  turning  the  gibbet  upon  its  axisk 
A  small  rope,  called  a  guide-rope,  is  fastened  to  the  weight,  or 
to  the  upper  part  of  the  gibbet  near  its  extremity,  which  a  mau 
pulls  to  bring  the  weight  over  the  place  where  it  is  to  belowerf^ 
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ed»  NoWy  in  performing -this,  the  main  rope  not  continuing 
parallel  to  the  arm  of  the  gibbet,  gives  the  weight  a  tendency 
towards  that  side  to  which  it  deviates,  and  that  sometimes  so 
suddenly,  that  without  care  and  much  force  applied,  the  load 
"Will  swing  with  great  violence,  and  do  much  mischief.  To 
prevent  this,  Mr.  Ralph  Allen  of  Bath,  about  the  year  1798, 
recommended  the  following  metho^ :  Upon  the  shaft  of  the 
gibbet  let  there  be  fixed  an  iron  wheel  with  several  teeth  or 
cogs,  to  be  carried  round  by  a  pinion  fixed  upon  a  horizontal 
axis,  such  axis  passing  through  the  wall  or  frame-work  behind 
the  shaft  of  the  gibbet,  and  having  at  its  further  extremity  a  ver- 
tical wheel  with  handles  projecting  from  the  rim  in  the  plane 
of  the  wheel.  A  man  standing  at  this  wheel  is  out  of  the  reach 
of  danger  from  the  load,  and  by  applying  a  small  portion  of  his 
strength  at  the  handles  of  the  wheel  he  can  easily  bring  the  gib- 
bet and  Its  load  to  any  position  required,  and  retain  it  as  long 
as  necessary  in  that  position.  A  figure  representing  this  con- 
trivance is  given  in  the  Phil.  Trans.  No.  411.  and  in  Ferguson's 
Select  Lectures. 

GIMBALS,  a  contrivance  by  means  of  which  barometers, 
vessels  of  oil,  mariner's  compasses,  8cc.  may  be  suspended  so  as 
to  arrange  their  upper  parts  horizontally.  The  nature  of  this 
contrivance  will  be  at  once  understood  by  she  wins;  ^ts  applica- 
tion to  a  mariner's  compass.  It  consists  of  a  hoop  or  ring 
supported  upon  two  pins  diametrically  opposite  each  Other,  and 
issuing  from  the  external  surface  of  the  ring  in  such  a  direction 
that  both  lie  in  the  same  diametrical  line.  When  the  hoop  is 
suspended  on  these  pins  it  is  at  liberty  to  turn  freely  about  the 
diameter  of  which  they  constitute  the  prolongation.  The 
notches  or  holes  of  support  are  disposed  horizontally.  The 
compass-box  itself  is  placed  in  a  similar  ring  with  two  project- 
ing pivots ;  and  these  pivots  are  inserted  in  holes  made  in  the 
former  ring  at  equal  distances  from  each  of  its  pivots.  If  there- 
fore the  whole  be  left  at  liberty,  the  compass-box  may  vibrate 
upon  the  diametral  line  of  the  outer  ring,  as  well  as  upon  a  line 
formed  by  its  own  pivots,  at  right  angles  to  that  diametral  line. 
The  consequence  of  this  arrangement  is,  that  the  centre  of  gra- 
vity of  the  compass-box  will  dispose  itself  immediately  beneath 
the  intersection  of  both  lines  on  which  it  is  at  liberty  to  move : 
— ^that  is  to  say,  if  the  weight  of  the  box  and  its  component 
parts  be  properly  disposed^  the  compass  will  assume  a  position 
m  which  the  upper  surface  riiall  be  horizontal. 

GIN.     See  Crab. 

GLAZIER'S  VICE,  is  an  instrument  for  drawing  window 
lead.  See  fig.  8.  pi,  XII.  ?g,  oh,  are  two  axles  running  in 
th^  frame  kl,  ml.     c,  d,  two  wheels  of  iron  case-hardened,  1 1 
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iBch  broad,  and  of  the  thickness  of  a  pane  of  glass ;  these  wfaeela 
are  fixed  to  the  axles,  and  run  very  near  one  another,  their  As- 
tance  not  exceedkig  -^  of  an  inch :  across  their  edges  ^evenl 
nicks  are  cut,  the  better  to  draw  the  lead  throogh.  tf  F,  are 
two  pinions  each  of  twelve  leaves,  turning  one  another  and  going 
upon  the  ends  of  the  axles,  which  are  square,  being  kept  fast 
there  by  the  nuts  p,  q,  which  are  screwed  fast  widi  a  key.  A,  b, 
are  two  cheeks  of  iron,  case-hardened,  and  fixed  on  each  side 
to  the  case  with  screws ;  these  are  cut  with  an  opening  where 
the  two  wheels  meet,  and  set  so  near  to  the  wheels  as  to  leave  a 
space  equal  to  the  thickness  of  the  lead ;  so  that  between  the 
wheels  and  the  cheeks  there  is  left  a  hole  of  the  form  represented 
at  N,  which  is  the  shape  of  the  lead  when  cut  through.  The 
frame  klml  b  held  tc^ether  by  cross  bars  passing  through  the 
sides,  and  screwed  on :  and  a  cove#  b  put  over  the  machine  to 
exclude  the  dust  The  whole  is  screwed  down  fast  to  a  bench 
by  screw  nails  ll.  When  the  vice  is  used,  the  lead  to  be  drawn 
is  first  cast  inamoulds,  into  pieces  a  foot  long,  with  a  gutter  on 
each  side.  One  of  these  pieces  is  taken,  and  an  end  of  it  sharp- 
ened a  little  with  a  knife ;  then,  being  put  into  the  bole  between 
the  wheels,  by  turning  the  handle  i  the  lead  is  drawn  through 
the  vice,  and  receives  the  form  designed. 

GOVERNOR,  a  contrivance  for  the  purpose  of  equaUzbg 
the  motion  of  mills  and  other  machinery. 

When  a  part  of  the  machinery  of  a  mill  is  suddenly  stopped, 
or  suddenly  set  going,  and  the  moving  power  remams  die^ame, 
an  alteration  in  the  velocity  of  the  null  will  take  place ;  it  will 
move  faster  or  slower.  Every  machine  having  a  certain  velo- 
city at  which  it  will  work  at  greater  advantage  than  at  any 
other,  the  change  of  velocity  arising  from  the  above  cause,  is  in 
all  cases  a  disadvantage,  and  in  deucat^  operations  exceedngly 
hurthil.  In  the  case  of  a  cotton-mill,  for  instance,  which  is 
calculated  to  move  the  spindles  at  a  certain  rate,  if  from  any 
cause  the  velocity  is  much  increased,  a  loss  of  woric  immediate^ 
takes  place,  and  an  increase  of  waste  from  the  breaking  of  the 
threads,  &c. ;  on  the  other  hand,  there  must  be  an  evident  loss 
from  the  machinery  moving  too  slow. 

In  steam-engines  this  evil  is  remedied  by  a  contrivance  caUed 
ti  governor.  (See  fig.  1.  pi.  XL.)— ^' Two  balls  aie  fixed  to  tbe 
ends  of  rods,  in  continual  revolution,  and  as  soon  as  the  moCioa 
becomes  a  little  too  rapid,  the  balls  rise  considerably,''  and,  bf 
the  intervention  of  a  lever,  act  upon  a  tkroitk-valvt^  which  di- 
minishes the  quantitv  of  steam  admitted,  and  of  eourse  serves 
to  make  the  motion  less  rapid. 

1.  The  iteam-€9igine  govemor.-^iK,  fig.  1.  represents  a  s(Hii- 
dle  kept  in  motion  by  die  engine;  A^  b,  the  centrifugal  baUa; 


Digitized  by 


Google 


Oaoemors.  205 

•A,  aad  CB,  the  rods  by  which  the  balls  are  suspended.    These 
rods  cross  one  another,  and  pass  through  the  middle  of  the 

ricHe  at  c.  Hiere  is  a  rouna  pin  put  through  the  spindle  and 
rods  at  c,  which  serves  as  the  point  of  suspension  for  the 
centrifugal  balls  or  revolving  pendulure.  There  is  a  part  of  the 
spindle  above  c,  which  is  square,  and  nicely  polished,  so  diat 
me  piece  of  brass,  m,  may  slide  easily  up  and  down  upon  it. 
The  piepe  of  brass  m  is  round  on  the  outside,  and  has  an  exter- 
aal  groove  turned  upon  the  upper  end  of  it  to  receive  the  lever 
vo,  the  fulcrum  of  which  is  at  p.  This  piece  of  brass  is  con- 
nected with  the  ball-rods  by  two  short  pieces  and  joints  de,  fg. 
Tbe  construction  of  steam-engine  governors  sometimes  differs 
s  little  from  that  now  described;  but  if  this  particular  construe- 
tiott  be  understood,  there  will  be  no  difficulty  in  comprehending 
•ay  oAer  in  use. 

Operation, — When  the  engine  goes  too  fast,  the  balls  fly  off 
from  die  spindle,  and  depress  the  end,  k,  of  the  lever,  which 
pertly  shuts  the  throttle-valve,  and  thereby  diminishes  the  quan- 
tity of  steam  admitted  into  the  cylinder;  and,  on  the  other 
hMidy  when  the  engine  goes  too  slow,  the  balls  fall  down  to* 
ward  the  spindle,  and  elevate  the  end  n,  of  the  lever,  which 
peltly  opens  the  throttle-valve,  and  thereby  increases  the  quan- 
tity of  steam  admitted  into  Ae  cylinder.  The  theory  of  the 
conical  pendulum  is  given  in  art.  288,  vol.  L 

2.  In  a  wind-mill,  when  the  velocity  b  increased  by  the  irre- 
gular action  of  the  wind,  die  com  is  sometimes  forced  rapidly 
thfough  the  mill  without  being  sufficiendy  ground.  There  is 
an  ek^gant  contrivance  for  preventing  this  (similar  to  the  gover- 
nor of  a  steam-engineX  but  which  was  much  earlier  in  use, 
called  in  some  parts  of  England  a  lift'tentetj  **  By  mean^  of 
die  centrifugal  force  of  one  or  more  balls,  which  fly  out  as  soon 
as  the  velocity  is  augmented,  and  allow  a  lever  to  rise  with 
them,  and  cause  the  upper  millstone  to  descend  and  bring  it  a 
little  nearer  to  the  lower  one.** 

This  machine  is  curious,  and  might  perhaps  in  other  cases  be 
usefully  applied.  We  shall,  therefore,  describe  two  construc- 
tions, but  both  on  the  same  principles. 

Lift-Tenter$  for  Wind-MilU.— First  Construction.  This 
machme,  and  part  of  tbe  stone*spindle  and  framing  with  which 
It  is  connected,  are  represented  in  fig.  3.  pi.  XL. 

To  the  stone-spindle  there  are  fixed  four  arms  A,  A,  A,  a  ; 
there  are  four  similar  arms  b,  b,  b,  b,  firmly  attached  to  the 
hollow  cylinder  c,  which  is  loose  on  tbe  spindle  fo. 

The  pendulums  d,  d,  d,  d,  are  hung  above,  to  the  arms 
A,  A,  A,  A,  and  through  holes  toward  their  lower  extremities 
pass  the  arms  of  the  loose  cylinder. 
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When  the  mill  is  at  rest^  the  pendulums  hang  Terticalljf  btit^ 
by  their  centrifugal  force^  when  the  mill  is  in  motion  they  hang 
obliquely;  and  that  obliquity  is  iucreaeed  in  proportion  to  the 
velocity,  and  proportionately  raises  the  loose  cylinder  c. 

This  cylinder  c  acts  on  the  one  end  of  the  lever  b,  which  has 
a  connexion  with  the  clove  upon  which  the  bridge  of  the  stone 
spindle  rests,  and  accordingly  raises  or  depresses  the  upper 
millstone  in  proportion  as  the  wind  is  weak  or  strong. 

Second  Construction.  Another  modification  of  the  same 
principle  (applied  above  the  millstones^  but  having  one  pen- 
dulum only,  IS  represented  by  fig.  4.  and  will  be  easily  unider- 
stood  from  what  has  been  said  respecting  the  first  construc- 
tion. 

3.  Governors  are  sometimes  applied  to  water-wheels,  and 
made  on  various  constructions.  Smiths  bellows  have  been  ap-^ 
plied  to  that  use,  the  upper  board  rising  or  falling  in  propor- 
tion to  the  velocity  of  the  lower  board,  which  received  its  motion 
from  the  mill.  But  we  shall  proceed  to  describe  ^  construc- 
tion which  has  for  several  years  been  at  work  in  Cartside  cotton- 
mill,  which  was  erected  under  the  direction  of  the  late  Robert 
Bums,  Esq. 

Waier-lVheel  Governor. — Fir$t  Construction.  The  principles 
of  this  kind  of  water-wheel  governor  are  nearly  the  same  as 
those  of  the  governor  of  a  steam-engine.  It  has  a  revolving 
pendulum  which  receives  its  motion  from  the  mill,  and  in  pro- 
portion as  the  machinery  moves  faster  or  slower,  the  centrifugal 
force  acts  upon  the  governor  and  raises  or  depresses  an  iron  cross, 
which,  acting  on  a  lever,  reverses  the  motion  by  the  wheel 
work,  which  operates  upon  a  sluice  so  as  to  enlarge  or  lessen 
the  passage  of  the  water  to  the  water-wheel ;  this  sluice  is  made 
on  the  prmciples  of  the  throttle-valve ^  in  order  that  it  may  be 
moved  by  a  small  power.  So  long  as  the  machinery  is  moving 
at  a  proper  velocity,  tliis  wheel-work  of  the  sluice  apparatus 
remains  at  rest. 

Fig.  5.  represents  difierent  views  of  this  machine,  and  some 
of  its  parts  detached.  The  same  letter  in  all  the  figures  refers 
to  the  same  part. 

The  revolving  pendulum  efgh,  receives  its  motion  from  the 
mill-work  by  means  of  a  rope  giving  motion  to  a  pulley  i.  The 
upright  shaft  mn,  is  kept  in  constant  motion  by  the  wheel-work 
GPRS.  The  wheel  N  acts  constantly  into  the  two  bevelled 
wheels  t  and  u,  and  makes  them  move  m  contrary  directions^ 
They  are  loose  on  the  shaft  when  the  mill  is  going  at  its  proper 
speed. 

But  if  the  mill  moves  either  too  fast,  or  too  slow,  the  one  of 
these  wheels,  by  means  of  a  clutch  q,  in  a  way  to  be  described, 
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is  connected  with,  and  carries  round,  the  lying  shaft  dc,  and,  by 
a  pair  of  bevelled  wheels,  communicates  motion  to  the  oblique 
abaft  fiw;  which  again,  by  a  screw  x,  and  quadrant-wheel  y, 
tnoves  the  sluice  z,  and,  by  making  it  stand  more  or  less  ob- 
lique, alters  the  area  of  the  passage  for  the  water. 

From  inspecting  iig.  5,  No.  1.  it  will  be  evident  that  the  box 
a,  will  be  raised,  or  depressed,  in  proportion  as  the  balls  k  and 
F,  of  the  revolving  pendulum  e  vgh,  are  further  or  nearer  to  the 
centre  of  motion ;  when  the  velocity  is  greatest,  the  b^Us  B  and 
F,  by  their  centrifugal  force,  will  extend  themselves  furthest 
from  the  centre  of  motion,  and  raise  the  box  a.  See  also  fig* 
5.  No.  2.  No.  3.  and  No.  4. 

To  the  box  a,  is  fixed  a  cross  be.  There  is  a  forked  lever 
dqe,  the  fulcmm  of  which  is  at/,  and  which  turns  horizontally. 
This  forked  lever  has  four  prongs  1,  2,  3, 4. 

When  the  mill  is  at  its  proper  speed,  the  cross  works  within 
the  prongs  1  and  2 ;  iu  this  situation  of  the  forked  lever,  the 
clutch  Q  IS  disengaged  from  both  the  wheels  T  and  u,  and  thej 
move  on  their  bushes  without  carrying  round  the  lying  shaft. 
The  clutch  is  made  to  slide  on  a  part  of  the  shaft  which  is 
square. 

When  the  mill  goes  loo  quick,  the  cross  gland  is  raised,  and, 
in  tujniug  round,  strikes  the  prong  3,  which  immediately  causes 
the  lever  to  throw  the  clutch  into  the  arms  of  the  wheel  u, 
which  then  carries  the  clutch  and  shaft  round  with  it,  and  by 
the  means  already  described,  acts  on  the  sluice,  and  by  lessen- 
ing the  quantity  of  water  falling  on  the  wheel,  diminishes  iu 
speed. 

On  the  other  hand,  when  the  mill  goes  too  slow,  the  cross  is 
depressed,  and,  striking  the  prong  4,  reverses  the  motion  of  the 
shafty  and  so  produces  a  contrary  eflfect  on  the  sluice. 

It  may  be  proper  to  remark,  that  the  train  of  wheel- 
work  is  so  calculated  as  very  much  to  reduce  the  motion  at  the 
sluice,  and  it  is  found  from  experience,  that  this  is  necessary. 
W^ere  the  area  of  the  aperture  too  suddenly  changed,  the  effect 
on  the  water-wheel  would  be  too  violent.  £very  time  die  mill 
b  stopped,  it  is  proper  to  lift  the  wheel  R  out  of  gear,  llie 
centre  on  which  the  sluice  turns  should  be  one-third  of  its  heiglit 
from  the  bottom,  in  order  that  the  pressure  of  tlie  water  above 
the  centre  may  balance  that  below. 

At  m  there  is  an  upright  shaft,  which  is  worked  by  hand  when 
required. 

IVatcr-whed  Governor, — Second  Construction*  Fig.  6.  re- 
presents a  sluice  re^lator  as  executed  in  some  parts  of 
England.  It  differs  little  from  that  already  described,  only  that 
the  lying-shaft  a  B  receives  its  motiou  immediately  from  the  mill. 
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instead  of  from  the  axle  of  the  revolving  pendulam,  as  in  the 
first  construction.  From  having  so  minutely  described  that 
constructiony  the  attentive  reader  will  find  no  difficulty  in  com- 
prehending fig.  6.  from  inspecting  the  plate. 

These  ingenious  contrivances,  with  the  illustrative  diagrams, 
are  extracted  from  "  Buchanan's  Essays  on  Mill  Work,**  where 
other  constructions  for  like  purposes  may  be  seen. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  in- 
strument  for  measuring  specific  gravities :  he  adopts  thb  name 
rather  than  either  areometer  or  hydrometer,  because  these  latter 
terms  are  grounded  upon  the  suppo!»ition  that  the  liquid  is  a)- 
VfBjs  the  diing  weighed ;  whereas,  with  regard  to  solids,  the 
liquid  is  the  known  term  of  comparison  to  which  the  unknown 
iveight  is  referred. 

Uuyton's  gravimeter  is  executed  in  glass,  and  is  of  a  cylin- 
dric  form,  being  that  which  requires  the  smallest  quantity  of 
fluid,  and  is  on  that  account  preferable,  except  so  far  as  it  is 
necessary  to  deviate  for  the  security  of  a  vertical  position.  Like 
Nicholson's  Hydrometer  (art.  404.  vol.  I.)  it  carries  two  basins ; 
one  of  them  superior,  at  the  extremity  of  a  thin  stem,  towards 
the  middle  of  which  the  fixed  point  of  immersion  is  marked. 
The  other,  or  lower  basin,  terminates  in  a  point ;  it  contains 
the  ballast,  and  is  attached  to  the  cylinder  by  two  branches. 
The  moveable  suspension  by  means  of  a  hook  has  the  incon- 
venience of  shortening  the  lever  vHiich  is  to  secure  the  vertical 
position. 

The  cylinder  is  22  millimetres  (0'71  inch)  in  diameter;  and 
S]  centimetres  (6*85  inches)  in  length.  It  carries  in  the  upper 
basin  an  additional  constant  weight  of  5  grammes  (115  grains). 
These  dimensions  might  be  increased  so  as  to  render  it  capable  of 
receiving  a  much  more  considerable  weight;  but  this  is  unne- 
cessary. M.  Guyton  has  added  a  piece  which  he  calls  the 
plongeur,  because  in  fact  it  is  placed  in  the  lower  basin  when 
used,  and  is  consequently  entirely  immersed  in  the  fluid.  It  is 
a  bulb  of  glass  loaded  with  a  su^icient  quantity  of  mercury,  m 
order  that  its  total  weight  .may  be  equal  to  the  constant  addi« 
tional  weight,  added  to  the  weight  of  the  volume  of  water  di9- 
placed  by  this  piece.  It  will  be  readily  understood  that  the 
weight  being  determined  at  the  same  temperature  at  which  the 
instrument  was  originally  adjusted,  it  will  sink  to  the  same 
mark  on  the  stem,  whether  it  be  loaded  with  a  constant  ad- 
ditional weight  in  the  upper  basin,  or  whether  the  efiect  X)f 
this  weight  be  produced  by  the  additional  piece  in  the  lower 
dish.  From  this  explanation  there  will  be  no  diflkplty  in 
seeing  how  this  instrument  may  be  adapted  to  every  case  in 
practice. 
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'  It  may  be  used,  1.  for  solids.  It  differs  not  in  this  respect 
'  froiB  Nicholson's  hydrometer.  The  only  condition  will  be,  as 
in  his  instrument,  that  the  absolute  weight  of  the  body  to  be 
exammed  shall  be  rather  less  than  the  constant  additional  weight, 
>vhich  in  this  instrument  is  5  grammes,  or  1 1 5  grains. 

.  2.  For  Ii<)uids  of  less  specific  gravity  than  water,  the  instru- 
ment, without  the  additional  weight  above  mentioned,  weighs 
^bbut  2  decagrammes  (459  grains)  in  the  dimensions  before  laid 
'down.  It  would  be  easy  to  limit  its  weight  to  the  utmost  ac- 
curacy. We  have  therefore  the  range  of  one-fifth  of  buoyancy, 
and  consequently  the  means  of  ascertaining  all  the  intermediate 
densities  from  water  to  the  most  highly  rectified  spirit  of  wine, 
"which  is  known  to  bear  in  this  respect  the  ratio  of  8  to  10  with 
regard  to  water. 

3.  When  liquids  of  greater  specific  gravity  than  water  are  to 
he  tried,  the  constant  weight  being  applied  beloW,  by  means  of 
ilie  additional  piece,  which  weighs  about  6  grammes  (138  grains), 
the  instrument  can  receive  in  the  upper  basin  more  than  4 
times  the  usual  additional  weight,  without  losing  the  equilibrium 
of  its  vertical  position.  In  this  state  it  is  capable  of  shewing 
the  specific  gravity  of  the  most  concentrated  acids. 

4.  It  possesses  another  property  common  to  Nicholson's  in- 
strument, namely,  that  it  may  be  used  as  a  balance  to  determine 
the  absolute  weight  of  such  bodies  as  do  not  exceed  its  addi- 
tional load. 

5*  Lastly,  the  purity  of  the  water  being  known,  it  will  indi^ 
cate  the  degrees  of  rarefaction  and  condensation  in  proportion 
to  its  own  bulk. 

This  instrument  may  be  readily  constructed  by  any  workman 
ID  glass.  The  additional  piece  for  the  lower  basin  will  require 
.some  attention  to  make  it  [perfectly  agree  with  the  constaift 
upper  weight,  as  to  the  immersion  of  the  instrument,  fiutthi^ 
object  may,  by  careful  adjustment,  be  ascertained  with  the  ut- 
most certainty  and  accuracy.  The  bulb  of  glass  is  for  this  pu(^ 
pose  drawn  out  to  a  iSne  point,  a  sufficient  quantity  of  mercury 
h  then  introduced  to  sink  it,  and  the  aperture  closed  with  a  little 
piece  of  wax.  The  bulb  being  then  placed  in  the  lower  basin 
of  the  instrument,  the  upper  basin  b  to  be  loaded  until  the  mark 
CD'  the  stem  becomes  accurately  coincident  with  the  surface  of 
the  water.  The  sum  of  the  weights  added  above  is  precisely 
equal  to  that  of  the  quantity  of  merciu-y  necessary  to  be  added 
to  that  in  the  glass  bulb ;  which  done,  nothing  more  is  needed 
than  to  seal  the  point  by  fusion^  taking  care  not  to  change  iu 
bulk. 

The  whole  is  rendered  portable  by  means  of  a  case  in  which 
all  the  delicate  parts  are  secured  from  pressure,  and  the  heavier 
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parts  supported  ia  sac)i  a  manner  as  to  resist  the  excess  ofiBotion 
they  are  capable  of  acquiring  by  virtue  of  their  mass.  Tlus  last 
circumstance  is  frequently  overlooked  by  such  workmen  as  are 
employed  in  the" package  of  instruments;  whence  it  necessarily 
follows,  that  some  stram  or  fracture  must  be  produced  wheii 
matters  •f  very  unequal  density  are  exposed  to  receive  a  com- 
mon impulse. 

To  find  the  spedfic  gravity  of  any  solid  by  the  gravimeter, 
observe  this  rule :  ^  From  the  weight  in  the  upper  dbh,  when 
the  instrument  is  properly  immersed  in  the  unknown  fluid,  take 
the  weight  which  is  placed  with  the  body  in  the  same  scale  at 
die  like  adjustment.  The  remainder  is  the  absolute  weight  of 
the  solid.  Multiply  this  by  the  specific  gravity  of  the  fluid,  and 
reserve  the  product.  From  the  additional  wei^  when  the 
body  is  placed  m  the  lower  basin,  take  the  weight  when  it  was 
placed  in  the  upper.  The  remainder  will  be  the  loss  of  weight 
by  immersion.  Divide  the  reserved  product  by  the  loss  by  im^ 
mersion,  and  the  quotient  will  be  the  specific  gravity  of  die  solid 
Wth  regard  to  distilled  water  at  the  st^Mlard  temperature  and 
l^resaure." 

To  find  the  specific  gravity  of  a  fluid  proceed  thus : ''  To  the 
we^ht  of  the  gravimeter  add  the  weight  required  in  the  upper 
basm  to  sink  it  in  the  unknown  fluid.  Again,  to  the  weight  of 
Ihe  gravimeter  add  the  weight  required  in  the  same  manner  to 
sink  it  in  distilled  water.  Divide  the  first  sum  by  the  latter, 
and  the  quotient  will  be  the  specific  gravity  of  the  fluid  is 
question.** 

For  fi^rures  of  the  gravimeter,  see  Annates  de  Chmie,  tome 
Slf  or  Nicholson's  Journal,  vol.  1. 4to. 

GUDGEONS,  in  machinery,  having  all  the  weight  on  the 
9liaft  to  support,  ought  to  be  made  sufficient^  strong  for  that 
purpose ;  while,  to  avoid  unneoessary  friction,  they  should  be 
made  as  small  in  diameter  as  possible,  consistently  with  the  re- 
quisite strength  and  durability. 

Wrought  iron  b^ng  stronger  than  cast  iron  in  about  the  ratia 
of  7  to  5,  will  bear  a  greater  weight;  yet^  cast  iron  b^og 
cheaper,  and  more  eattly  shaped,  is  more  frequently  emplejed 
for  gudgeons. 

Mr.  Buchanan,  who  has  paid  considerable  attention  to  diis 
subject,  gives  these  rules  for  the  gudgeons  of  water-wheels. 

1.  llie  cube*root  of  the  weiriit  of  a  water-wheel  in  Auiu&vif 
weights,  is  nearly  equal  to  the  mameter  in  inches,  of  a  ca^t-irQH 
gudgeon  sufficiendy  strong  to  support  such  wheel* 

2.  For  wooden  water-wheels,  multiply  the  diameter  fi>/^ 
ty  the  widdi  ^  in  feet,  to  which  add  the  square  of  half  the 
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difimHet :  the  cube  root  of  the  sum  will  be  nearly  equid  to  tli^ 
diameter  of  the  gtadgeoD  in  inches. 

These,  of  course,  must  be  regarded  as  approximatious. 

Mr.  Buchanau  has  inferred  from  several  experiments,  that 
^*  gudeeons  of  the  same  size,  of  cast  and  of  wrought  iron,  are 
capable,  at  a  medium,  of  sustaining  weights  Without  flexure^  in 
the  proportion  of  9  to  H.** 

llpon  this  principle  Mr.  B.  computed  the  following  table, 
to  show  the  pi'oportionate  diameters  of  cast-iron  and  wrongbi- 
irbn  gudgeons. 

JE^lanatian  of  the  table  of  cast-iron  and  wrought^ron 
gudgeons. 

0>lumn  1  tod  2  are  the  satne  as  those  in  die  table  of  cast- 
iron  gudgeons. 

Column  3  contains  numbers  in  the  proportion  of  9  to  14  less 
than  those  in  column  2. 

Column  4  contains  the  cube  root  of  column  S,  or  the  dia- 
lEiieters  of  wrought-iron  gudgeons^  having  the  same  strength  as 
thbae  of  cast-iron  in  column  1  • 

Use  of  thb  tablb. 
.Example.    . 

To  find  the  diameter  of  a  wrought-iron  gudgeon  of  dM  aaiit 
strength  with  one  of  cast-iron  of  S  inches  diameter.  Look  6n 
the  1st  column  for  8,  and  on  the  same  line  in  the  4th  ecduma 
will  be  found  2*571282,  that  is,  a  little  more  than  2i  inches^ 
die  diameter  required  of  the  wrought-iron  gudgeon* 

The  numbers  in  the  3d  column,  being  the  cube  of  those  in 
die  4th,  another  use  may  be  made  of  this  part  of  the  table* 
1^,  supposing  the  4th  column  to  represent  cast-iron  gudgeons, 
the  dd  column  will  represent  the  hundred  weights  which  cast- 
iron  gudgeons  of  those  diameters  should  sustain. 
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,  Table  qfQast  and  Wrought'Iron  Gudgeons. 

I 

2 

3 

4 

Diameter  of 

Cube  of  diameter  of  ca«t-  i 

Diameter  or 

cast-iron     iron  gudgeoo,  or  the  cwts. 

Cube  of  diameter  of 

wrought-iroQ 

gudgeons  in  which  the  gudgeons  may 

If  rough  t-iron  gudgeons. 

i^u'^ffeons  in  ior 

iBches.      sustain. 

ches  and  parts. 

1- 

1- 

-6428571 

-863054 

1-25 

1-953125 

1-2555803 

1-063340 

1-5 

3-375 

2-1696427 

1*259921 

1-75 

5-359375 

3-4453125 

1-514825- 

2- 

8- 

6-1428571 

1 -709976 

2-25 

.  11-4006  25 

7*3289732 

1-S>12933 

2-5 

15-625 

10-0446428 

2- 154435 

2-75 

20-796875 

13-3694196 

2-351335 

3- 

27- 

17-3571428 

2-571282 

3-25 

34-328125 

22-0670803 

2-802039. 

3-5 

42-875 

27-5625 

3  018294 

3-7^ 

52-734375 

33-9006696 

3239612^ 

4' 

64- 

41-1428571 

3-448317; 

4-2 

76-765625 

49-3493303 

3-659306 

45 

91-125 

58-5803571 

3-881936 

4-7 

107-171875 

68-896 

4-101566 

5- 

125-   * 

•80-357 

4-308870 

5-25 

144-763125 

93-023 

4-530655 

5-5 

166-375 

106*955 

4-747459' 

5-75 

190-109375 

122-213 

4-959675 

6- 

216- 

138*857 

5*l8()10r 

6-25 

244-1*0625 

156-948 

5-O94690 

6-5 

274-625 

176-545 

5-609376 

6-75 

307-546875 

197-709 

5-828476' 

7- 

343- 

2120-500 

6-041377 

7-25 

381-078125 

244*979 

6*257324 

7-5 

-     421-875 

271-205 

6-471274 

7-75 

465-484375 

299-240 

6-686882 

8- 

512- 

329  143 

6-903436 

8-25 

561-515625 

360-975 

7-120367 

8-5 

6J4125 

394-795 

7-337234 

8-75 

669-i»21875 

430-664 

7-553688 

9- 

729- 

468-643 

7-769462 

9.25 

791-453125 

508-791 

7-984344 

9-5 

875-375 

562-741 

8-257263 

9-75 

926-859375 

595-837 

8-415541 

10- 

1000- 

642-857 

8-631103 

10-25 

1076-890625 

692-287 

8-845085 

10-5 

1157-625 

744-187 

9-06 1309 

10-75 

1242-296875 

798-619 

S-279308 

II* 

1331- 

855*643 

9-493599 

{Buchanan  on  the  Shafts  of  Mills.) 
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•  HANDMILLS,  are  <!ommonly  used  for  some  culim/ry  pur- 
poses, as  the  grinding  of  cofTeey  peppery  and  the  like.  Some- 
times handmills  of  larger  size  are  used  to  grind  malt,  wheat, 
8cc.  and  in  such  cases  (he  hand  is  generally  applied  to  a  winch 
handle.  But  in  Bockler*s  Theatrum  Machinarum  there  is  a  de- 
scription of  a  mill,  in  which  the  effort  of  a  man  is  applied  to  a 
lever  moving  to  and  fro  horizontally,  nearly  as  in  the  actionOf 
rowing :  as  this  is  a  very  advantageous  method  of  applying- 
human  strength,  the  effort  being  greatly  assisted  by  the  heaviness 
of  the  man  in  leaning  back,  we  shall  give  a  brief  description  of 
this  kind  of  mill,  which  is  represented  in  fig.  4.  pi.  XII.  The 
vertical  shaft  eg  carries  a  toothed  wheel  c,  and  a  solid  wheel  f  ;  , 
the  latter  being  intended  to  operate  as  a  regulating  dy.  Upon 
the  crank  ab  hangs  one  end  of  an  iron  bar  i,  the  other  end  of 
which  hangs  upon  the  lever  hk  ;  the  motion  being  pretty  free 
at  both  ends  of  this  bar  i.  One  end  of  the  lever  hk  hangs 
upon  the  fixed  hook  k,  about  which  as  a  centre  of  motion  it 
turns.  Then,  while  a  man,  by  pulling  at  the  lever  hk,  moves 
the  extremity  h  from  h  to  n,  the  bar  i  acting  upon  the  crank 
AB  gives  to  the  wheels  c  and  f  half  a  rotation;  and  the  mo- 
mentum they  have  acquired  will  carry  them  on,  the  man  at  the 
lever  suffering  it  to  turn  back  from  N  to  h,  while  the  other  half 
of  the  rotation  of  the  wheels  is  completed.  In  like  manner  an- 
other sufficient  pull  at  the  lever  hk  gives  another  rotation  to  the 
wheel  c,  and  so  on,  at  pleasure.  The  wheel  c  turns  by  its 
teeth  the  trundle  d,  the  spindle  of  whicl^  carries  the  upper 
mill-stone,  just  as  the  spindle  d  carries  round  the  upper  stone 
IB  fig.  1.  pi.  XV. 

In  this  mill  the  nearer  the  end  of  the  bar  i  upon  the  lever 
HK  is  to  the  fixed  hook'K,  the  easier,  aeteris  paribtis,  will  the 
man  work  the  mill.  If  the  number  of  teeth  in  the  wheel  c  be 
6  times  the  number  of  cogs  in  the  trundle  d,  then  the  la- 
bourer by  making  10  pulls  at  the  lever  H  in  a  minute  will  give 
60  revolutions  to  the  upper  mill-stone  in  the  same  space  of 
time,  w  -      -' 

ITie  Society  of  Arts  have  lately  adjudged  rt  silver  medal  )t6 
Mr.  Gamett  Terry,  of  City  Road,  Finsbury-square,  for  his  in- 
vention of  a  mill  to  grind  hard  substances,  by  means  of  a  wheel 
Cuming  upon  a  horizontal  axis  instead  of  a  Vertical  one,  as  in  the 
common  construction.  Mr. Terry  has  constructed  this  mill  on 
a  large  scale ;  there  is  also  a  model  deposited  in  the  collection 
of  that  society. 

Plate  VIII.  fig.  4.  A.  The  hopper  or  receptacle  of  the  ar- 
ticles which  are  intended  to  be  ground. 

B.  A  spiral  wire,  in  the  form  of  a  reversed  cone,  to  regulate; 
the  delivery  of  tbeiBi^ 
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C.  An  Hpclined  iron  plate,  himig  upoxi  a  pin  p^  ht  hi^faer  end  : 
the  lower  end  rests  on  the  grooved  axis  D,  and  agitates  tlie 
we  B  / 

D.  The  srooved  axis,  or  grindin{(  cylinder,  which  acts  against 
the  channelled  iron  plate  B. 

f.  A  screw  on  the  side  of  the  mill,  by  means  of  which  the 
m^n  plate  |s  is  brought  nearer  to  or  removed  further  from  the 
axis  D,  according  as  the  article  is  wanted  finer  or  coarser. 

G.  The  handle  by  which  motion  is  given  to  the  axis* 

H.  The  tube  from  whence  the  articles^  when  ground,  are  re* 
cfived. 

*^«  The  front  of  the  null  is  taken  off,  in  order  to  shew  its 
interior  consuuction. 

HEART-WHEEL  is  the  name  |;iven  in  England  to  a  weU 
known  method  of  converting  a  circuitous  motion  into  an  altelw 
nating  rectilinear  one,  which  is  comQion  in  cotton-mills.  It !» 
an  eUipse  turned  either  on  an  axle,  or  by  means  of  a  winch  and 
handle  on  one  of  its  foci,  or  its  centre,  on  whose  edge  a  move- 
able point  or  circle  presses ;  the  latter  receives  an  altematinig 
motion  from  the  circumference  of  the  ellipse,  and  presses  it  io 
its  revolution  to  different  distances  from  the  centre  of  motion. 
This  method  was  contrived,  we  believe,  by  Sir  Samuel  Morlandy 
about  the  year  1685.  The  practical  disadvantQ^  of  this  coo* 
trivance  are  the  inequality  of  pressure  and  of  moving  force  which 
will  be  required  at  different  parts  of  the  rotation  of  the  ellipse^ 
and  the  consequent  wearing  of  some  parts  of  it  much  faster  than 
others,  which  will  render  it  frequently  nepessai-y  to  have  new 
elliptical  wheels.  A  late  application  of  the  heart-wheel  haa 
been  already  mentioned,  under  the  word  Coining* 

HOOKE'S  JOINTS,  or,  as  they  are  often  called,  vniversal 
J9Vits,  l^ye  been  described  in  the  introductory  part  of  this  vo- 
liune^ 

)mJNTER*S  DOtUBLi  aqni^w,  Was  described  m  art.  161. 
voL  L 

HYDRAULIC  machines,  are  structures  contrived  for  th« 
pm^pose  either  pf  conveying  water  from  one  situation  to  an* 
other,  pfirjti^iilarly  from  a  lower  to  a  higher ;  or,  by  means  of 
^e  force  or  pressure  oi^  water,  to  per^rm  some  mechiauicnl 
operation^  as  grinding,  boring,  sawing.    The  former  kind  of 

Sydraulic  engines  will  only  be  spoken  of  here ;  the  latter  beiqg 
escribed  under  the  varioim  h^ads  Flour-hii^l,  Flajc-mij^x., 
Saw-mill,  &c. 

1.  Of  all  the  machinpi  the  ancients  invented  to  raite  water,  it 
appears  that  though  Archimedes's  screw  (see  Archdmedeii 
SCR£W  in  this  voliune)  was  the  mi  st  curious,  the  ^mpaman^ 
mentioned  by  Vitruvius,  elevated  the  greatest  qitanti^  «t  once : 
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m  bvief  deacriptioQ  of  diis  may  suffice,  as  prq>aratory  to  the  ac-> 
cxmnt  of  a  machine  made  in  imitation  of  it,  but  more  ingeniout 
and  more  perfect. 

The  tympiuium  is  a  great  bollow^wheel,  formbg  a  Irind  of 
barrel  or  drum  (asitB  name  imports),  composed  of  several  plauki 
joined  together,  well  calked  and  pitched,  and  having  a  horizontal 
aide  on  which  it  turns:  the  interior  of  this  drum  is  divided 
into  S  equal  spaces  by  as  many  partitions  placed  in  the  direc- 
tions of  the  radii;  each  space  or  cell  has  an  orifice  of  about  half 
a  foot  in  the  rim  of  the  drum  or  wheel,  so  shaped  as  to  facilitate 
the  admission  of  the  water :  moreover,  there  are  8  hollow  chan- 
nek  running  contiguous  to  each  other  and  parallel  to  Ae  axle  of 
the  wheel,  each  corresponding  to  one  of  the  8  large  cells ;  into 
diese  channels  the  water  passes  out  of  the  cells  just  mentioned^ 
and,  after  running  along  the  qhannels  to  a  convenient  distance, 
h  escapes  through  orifices  into  a  reservoir  placed  just  under  the 
axle.  Thus  the  water  b  elevated  throueh  a  vertical  space  equal 
f  o  the  radius  of  the  hollow  wheel.  When  the  tympanum  is 
used  to  raise  water  from  a  running  stream,  it  is  moved  by  means 
of  float  boards  which  are  impelM  by  the  stream:  but  when  it 
is  employed  to  raise  stagnant  water,  there  is  commonly  a  smaller 
wheel  on  the  same  shaft,  which  is  turned  by  men  walking  in  it, 
as  in  the  old  walking  crane.  The  chief  defect  of  this  machine  is 
that  it  raises  the  water  in  the  most  disadvantageous  situation  pos- 
sible :  for  the  load  being  found  always  toward  the  extremity  of 
a  radius  of  the  whed,  the  arm  of  the  effective  lever  which  an- 
swers to  it  increases  through  the  whole  quadrant  the  water 
describes  in  pasong  from  the  bottom  of  the  wheel  to  the  alti» 
tude  of  its  centre;  so  diat  the  power  must  act  in  like  manner  ad 
if  it  were  appUcd  at  a  winch  handle,  and  cannot,  therefore^  act 
uniformly. 

2.  To  remedy  this  defect  M.dela  Faye  devised  a  machipe 
which  may  here  be  described,  together  with  the  process  of  rea- 
soning that  led  to  it* 

When  we  develope  Ae  circumference  of  a  circle,  a' curve  i^ 
described  (L  e.  the  involute)  of  which  all  the  radii  are.so  many 
faagisnts  to  the  circle,  and  are  likewise  all  respectively  perpen^- 
dicular  to  the  several  points  of  tlie  curve  described,  which  hi^ 
for  its  greatest  radius  a  line  equal  to  the  periphery  of  the  circle 
evolved.  The  truth  of  which  is  shewn  by  geometricians  when 
ti^eating  of  the  genesis  of  evohite  and  involute  curves. 

Hence,  having  an  axle  whose  circumference  a  little  exceeds 
the  heigbt  which  the  water  is  proposed  to  be  elevated,  let  the 
^cmnference  of  the  axle  be  evolved,  and  make  a  curved  canal 
^hoae  curvature  shall  ccHncide  throughout  exactly  with  that  of 
the  iuToluie  just  fofOMd :  if  the  fiirdier  extremity  of  this  canal 


Digitized  by 


Google. 


-216  MACHINES. 

be  made  to  enter  the  water  that  is  to  be  elevated,  and  the  other 
extremity  abut  upon  the  shaft  which  is  turned ;  then  in  the 
course  of  the  rotation  the  water  will  rise  in  a  vertical  direction; 
tangential  to  the  shaft,  and  perpendicular  to  the  canal  in  what- 
ever position  it  may  be.  Thus  the  action  of  the  weight  an- 
swering always  to  die  extremity  of  a  horizontal  radius  will  be 
as  though  it  acted  upon  the  invariable  arm  of  a  lever,  and  the 
power  which  raises  the  weight  will  be  always  the  same:  and  if 
the  radius  of  the  wheel,  of  which  this  hollow  canal  serves  as  a 
bent  spoke,  is  equal  to  the  height  that  the  water  is  to  be  raised, 
and  consequently  equal  to  the  circumference  of  the  axle  or 
shaft,  the  power  will  be  to  the  load  of  water  reciprocally  as  the 
radius  of  a  circle  to  its  circumference,  or  directly  as  1  to  6:| 
nearly. 

'  In  M.  de  la  Fai/e's  opinion,  the  machine  ought  to  be  com- 
posed of  four  of  these  canals :  but  it  has  often  been  constructed 
with  8,  as  represented  in  fig.  1.  pi.  XIX.  The  wheel  being 
turned  by  the  impulsion  of  the  stream  upon  the  float-boards,  the 
orifices  f,  e,  d,  c,  &c.  of  the  curvilinear  canals,  dip  one  after 
another  into  the  water  which  runs  into  them ;  and  as  the  wheel 
revolves  the  fluid  rises  in  the  canals^*,  e,  rf,  r,  &c.  and  runs  out 
in  a  stream  p  from  the  holes  at  o ;  it  is  received  into  the  trough 
Q,  and  conveyed  from  thence  by  pipes. 

By  this  construction  the  weight  to  be  raised  ofl^ers  always  the 
same  resistance,  and  tliat  the  least  possible,  while  the  power  19 
applied  in  the  most  advantageous  manner  the  circumstances  will 
admit  of:  these  conditions  both  fulfilled  at  the  same  time  fiir- 
nish  the  most  desirable  perfection  in  a  machine.  Further,  this 
machine  raises  the  water  by  the  shortest  way,  namely,  the  per- 
pendicular, or  vertical ;  in  this  respect  being  preferable  to  Ar- 
chimedes*s  screw,  where  the  water  is  carried  up  an  inclined 
path:  and  besides  this,  each  curved  channel  in  this  wheel 
^mipties  all  the  water  it  receives  in  every  revolution,  while  the 
screw  of  Archimedes  delivers  only  a  small  portion  of  the  fluid  it 
is  charged  with,  being  often  loaded  with  20  times  as  much 
water  as  is  discharged  in  one  rotation ;  and  thus  requiring  an 
enormous  increase  of  labour  when  a  large  quantity  is  intended 
to  be  raised  by  it. 

The  nature  and  advantages  of  this  wheel  evince  very  forcibly 
how  far  the  speculations  of  geometers  are  from  being  so  un- 
fruitful in  useful  applications,  as  is  often  insinuated  by  practical 
men. 

3.  The  wheel  just  described  would  we  think  be  the  most  per* 
feet  of  any  that  could  be  employed  for  raising  water,  had  it  not 
the  disadvantage  attending  the  tympanum,  which  is,  that  it  can 
only  rtuse  water  to  the  height  of  its  semidiameter.  As  in  rnaay 
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cases  water  is  to  be  raised  higher  than  the  t^dius  of  any  wheel 
can  well  be  made  for  practice,  we  shall  next  describe  a  machiue 
called  the  Noria,  common  in  Spain,  which  raises  water  nearly 
through  a  diameter.  This  Noria  consists  of  a  vertical  wheel  of 
20  feet  diameter,  on  the  circumference  of  which  are  fixed  a 
number  of  little  boxes  or  square  buckets,  for  the  purpose  of 
raising  the  water  out  of  the  well,  communicating  with  the  canal 
below,  and  to  empty  it  in  a  reservoir  above,  placed  by  the  side 
of  the  wheel.  The  buckets  have  a  lateral  orifice,  to  receive  and 
to  discharge  the  water.  The  axis  of  this  wheel  is  embraced  by 
four  small  beams,  crossing  each  other  at  right  angles,  tapering 
at  the  extremities,  and  forming  eight  little  arms.  This  wheel  is 
Dear  the  centre  of  the  horse-walk,  contiguous  to  the  vertical  axis, 
into  the  top  of  which  the  horse-beam  is  fixed ;  but  near  the  bot- 
tom it  is  embraced  by  four  little  beams,  forming  eight  arms,, 
similar  to  those  above  described,  on  the  axis  of  the  water-wheel. 
As  the  mule  which  they  use  goes  round,  these  horizontal  arms, 
supplying  the  place  of  cogs,  take  hold,  each  in  succession,  of 
those  arms  which  are  fixed  on  the  axis  of  the  water-wheel,  and 
keep  it  in  rotation. 

lliis  machine,  than  which  nothing  can  be  cheaper,  throws  up 
a  great  quantity  of  water ;  yet  undoubtedly  it  has  two  defects  ; 
the  first  is,  that  part  of  the  water  runs  out  of  the  buckets  and 
falls  back  into  the  Well  after  it  has  been  raised  nearly  to  the 
level  of  the  reservoir :  the  second  is,  that  a  considerable  pro- 
portion of  the  water  to  be  discharged  is  raised  higher  than  the 
reservoir,  and  falls  into  it  only  at  the  moment  when  the  bucket 
is  at  the  highest  point  of  the  circle,  and  ready  to  descend. 
These  inconveniences  are  both  remedied  by  the  contrivance 
mentioned  in  the  next  paragraph. 

4.  The  Persian  wheel  is  a  name  given  to  a  machine  for  rais* 
ing  wator,  which  may  be  turned  by  means  of  a  stream  ab  acting 
upon  the  wheel  cde  according  to  the  order  of  the  letters;  (fig. 
1.  pi.  XIX.)  The  buckets  a,  a,  a,  a,  &c.  instead  of  bein^ 
firmly  fastened,  are  hung  upon  the  wheel  by  strong  pins,  6,  o, 
by  b,  8cc.  fixed  in  the  side  of  the  rim ;  which  must  be  made  as 
high  as  the  water  is  intended  to  be  raised  above  the  level  of  that 
part»of  the  stream  in  which  the  wheel  is  placed.  As  the  wheel 
turns,  the  buckets  on  the  right  hand  go  down  into  the  water, 
where  they  are  filled,  and  return  up  full  on  the  left  hand,  till 
they  come  to  the  top  at  k  ;  where  they  strike  against  the  end  n 
of  the  fixed  trough  m,  by  which  they  are  overset,  and  so  empty 
the  water  into  the  trough ;  from  whence  it  is  to  be  conveyed  in 
pipes  to  any  place  it  is  intended  for ;  and  as  each  bucket  gets 
<Wer  the  trough,  it  falls  into  a  perpendicular  position  again,  and 
so  goes  down  ^mpty  till  it  comes  to  the  water  at  a,  where  it  is 
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filled  as  'before.  Oo  each  bucket  is  a  spring  r,  which  goii^ 
over  the  top  or  crown  of  the  bar  m  (fixed  to  the  trough  bc)  nm%9 
the  bottom  of  the  bucket  above  the  level  of  its  mouthy  and  so 
causes  it  to  empty  aH  its  water  into  the  trough. 

To  determine  the  due  relation  of  the  power  and  tlie  weight  bo 
lliat  this  wheel  may  be  capable  of  producing  the  gr^test  efiect^ 
the  following  may  be  taken  as  a  good  approximatioB.  After 
having  fixed  the  diameter  of  the  wheel,  which  must  be  some- 
thing greater  than  the  altitude  to  which  the  water  is  to  ba 
raised ;  fix  also  upon  an  even  number  of  buckets  to  be  hung  at 
equal  distances  round  the  periphery  of  the  wbed,  and  mark  the 
position  of  their  centres  of  motion  in  such  a  manner  that  they 
will  stand  in  corresponding  positions  in  every  quarter  of  the 
circle:  conceive  vertical  lines  drawn  through  the  centre  of 
motion  of  each  bucket  in  the  rising  part  of  the  wheel;  they 
will  intersect  the  horizontal  diameter  of  the  wheel  in  points  al 
which  if  the  buckets  were  hung  they  would  furnish  die  same 
Fesifltance  to  the  moving  force  as  they  do  when  hanging  at  their 
respective  places  on  the  rim  of  the  wheel.  Thus,  supposing 
there  were  18  equidistant  buckets;  then  while  S  bung  on  each 
side  a  vertical  diameter  of  the  wheel  there  would  be  8  on  the 
other  side,  and  2  would  coincide  with  that  diameter;  in  tfaii 
ease  the  resistance  arising  from  all  the  fnll  buckets  would  be  the 
same  as  if  one  bucket  hung  on  the  prolongation  of  tfaefioricon- 
tal  diameter  at  die  distance  of  2  sin  20*  +  2  sin  40^  4^*2  sin  60^ 
-f  2  sin  SO*,  diese  being  the  sines  to  the  common  radius  of  the 
vriieel. 

To  know  the  quantity  of  water  that  each  bucket  should  con* 
tain,  take  ^  of  the  absolute  force  of  the  stream,  that  is,  ^  of  the 
weight  of  the  prism  of  water  whose  base  is  the  surfiiu^e  of  one  of 
the  float-boards,  and  whose  height  is  that  through  which  water 
must  fall  to  acquire  the  velocity  of  the  stream :  so  have  we  the 
power  that  should  be  in  equilibrio  with  the  weight  of  water  in 
die  buekets  of  the  rising  semicircle.  Then  say,  as  the  sum  of 
Ae  sines  mentioned  above  is  to  radius,  so  is  the  power  just 
found  to  a  fourth  term,  the  half  of  which  will  be  die  weight  of 
water  that  ought  to  be  contained  in  one  bucket.  Lastly,  as  the 
velocity  of  the  wheel  will  be  to  that  of  the  stream  nearly  as  1  to 
2{>  the  quantity*  of  revolutions  it  makea  in  any  determinate  time 
becomes  known,  and,  of  consequence,  the  quantity  of  water  die 
wheel  will  raise  in  the  same  time ;  since  we  know  the  capacity 
of  each  bucket,  and  the  number  of  them  emptied  in  every  revo* 
lution.  of  the  wheel . 

5.  Another  mechanical  contrivance  for  the  purpose  of  raising 
water  is  a  ehaifU'pump.  This  is  now  generally  made  A-om  12  tb 
94^  feet  in  length ;  consists  of  twoxontwal  square  bnnek^  and 
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M  endless  chaio  of^istons  of  tbe  same  form  fixed  at  proper 
distances.  The  chain  is  moved  round  a  coarse  kind  of  wheeU 
-vorky  fixed  sometimes  at  one  end,  but  often  at  both  ends  of  the 
machine.  The  teeth  of  tbe  wheel-work  are  so  contrived  as  to 
receive  one  half  of  tbe  fiat  pistons  and  let  them  fold  in ;  and 
they  take  hold  of  the  linka  as  they  rise.  A  whole  row  of  the 
pistons  (which  go  free  of  the  sides  of  the  barrel  by  about  a 
quarter  of  an  inch)  are  always  lifting  when  the  pump  is  at 
work ;  and,  as  this  machine  is  generally  worked  briskly,  the 
pistons  or  pallets  bring  up  a  fuU  bore  of  water  in  the  pump. 
Chain-pumps  are  wrought  sometimes  by  men  turning  winches 
sometimes  by  horses,  and  sometimes  by  tbe  impulse  of  a  stream 
of  water:  they  are  likewise  so  contrived  that  by  the  continuat 
folding  in  of  the  pistons,  stones^  dirt,  or  whatever  comes  in  the 
way»  may  be  cleared  off:  they  are  therefore  often  used  to  drain 
ponds,  sewers,  and  remove  foul  water,  when  no  other  pump 
could  be  employed. 

Chaiu-pmnps  are  not  merely  fixed  in  a  vertical  position,  but 
are  often  inclined ;  and  in  die  latter  case  they  are  in  a  state  of 
the  greatest  perfection,  or  raise  the  most  water, when  the  breadtfi 
of  the  pallets  is  equal  to  their  distance  from  each  other,  and  the 
plane  is  inclined  under  an  angle  of  24*  21'. 

It  is  not  unusual  for  chaiu^pumps  to  be  etected  without  a 
knirel  to  recei¥e  the  pistons,  after  the  manner  represented  in 
fig.  S.  pL  XIX*  The  pallets  are  converted  into  square  boxes 
f^  s,  tec.  which  are  raised  by  means  of  hexagonal  axles,  each 
Side  of  the  hexagon  being  e(|ual  to  the  distance  fffom  box  to  box : 
the  boxes  descend  witJi  tbeur  moudis  downwards^  and  so  enter 
the  water. 

Another  contrivance  far  rairing  water  sinnlar  to  the  chain- 
pump  is  an  endless  rope  with  stuffed  cushions  hung'  upon  it, 
which,  by  means  of  two  wheeb  or  drums,  are  caui^  to  rise 
in  succession  in  the  same  barrel,  and  to  carry  water  with  theou 
From  the  resemblance  of  this  apparatus  to  a  string  of  beads^  it 
is  usually  called  paUmoster-work.  But  in  this,  as  well  as  the 
cbaio-pump,  the  magnitude  of  the  friction  is  a  formidable  prac^ 
ticat  objection. 

^  6.  Jets  and  fountains  are  not  now  considered- as  conducive  to 
picturesque  beauty;  nor  can  they  be  reckoned  of  much  utUity, 
except  perhaps  in  hot  climates :  we  have  not  therefore  described 
any  in  this  work.    But  in  the  fountain  of  Ha*o^  of  Syracuse  a 

Cunciple  is  introduced  which  has  been  found  of  great  utility  in 
irger  works ;  for  the  head  of  water  is  actually  lower  than  the 
ocifice,  but  the  pressure  is  communicated  by  the  interventioQ  of 
n  column  of  air :  the  construction  of  this  fountain  is  as  follows. 
It  consists  of  two  vessela  Kum  (fig.cd.  pL  JUX.)  and  Qpgn, 
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which  are  close  on  all  sides.  A  tube  ab,  having  a  funnd  at 
the  top^  passes  through  the  uppermost  vessel  without  commu-- 
nicating  with  it,  being  soldered  into  its  top  and  bottom.  It  also 
passes  through  the  top  of  the  under  vessel,  where  it  is  likewise 
soldered,  and  reaches  almost  to  its  bottom.  This  tube  is  open 
at  both  ends.  There  is  another  open  tube  st,  which  is  soldered 
into  the  top  of  the  under  vessel  and  the  bottom  of  the  upper  ves- 
sel, and  reaches  almost  to  its  top.  These  two  tubes  serve  also 
to  support  the  upper  vessel.  A  third  tube  gf  is  soldered  into 
the  top  of  the  upper  vessel,  and  reaches  almost  to  its  bottom. 
This  tube  is  open  at  both  ends,  but  the  oritice  g  is  very  small. 
Now  suppose  the  uppermost  vessel  filled  with  water  to  the 
height  EN,  EC  being  its  surface  a  little  below  T.  Stop  theori- 
fice  o  with  the  finger,  and  pour  in  water  at  a.  This  will  descend 
through  AB,  and  compress  the  air  in  oq  rp  into  less  room.  Sup- 
pK>se  the  water  in  the  under  vessel  to.  have  acquired  the  surfiace 
c;V,  the  air  which  formerly  occupied  the  whole  of  the  spaces 
OPQR  and  KLCE  will  now  be  contained  in  the  spaces  opcc  and 
KLf  £ ;  and  its  elasticity  will  be  in  equilibrio  with  the  weight  of 
the  column  of  water  whose  base  is  the  surface  £c,  and  whose 
height  is  ac.  As  this  pressure  b  exerted  in  every  part  of  the 
air,  it  will  be  exerted  on  the  surface  EC  of  the  water  of  the 
upper  vessel;  and  if  the  pipe  fg  were  continued  upwards,  the 
water  would  be  supported  in  it  to  a  height  en  above  ec,  equal 
to  AC.  Therefore,  if  the  finger  be  now  taken  from  off  the  ori- 
fice G,  the  fluid  will  spout  up  through  it  to  the  same  height  slb 
if  it  had  fallen  through  a  tube  whose  altitude  is  ch.  So  long  as 
there  is  any  water  in  tlie  vessel  klnm  there  will  be  a  discharge 
through  tlie  orifice  :  therefore  the  play  of  the  fountain  will  con- 
tinue whilst  the  water  contained  in  the  upper  vessel,  having 
spouted  out,  falls  down  through  the  pipe  ab  :  the  height  of  the 
water  measured  from  the  basin  yaw  to  the  surface  of  the  water 
in  the  lower  vessel  OPaR  is  dways  equal  to  the  height  measured 
from  the  top  of  the  jet  to  the  surface  of  the  water  in  the  vessel 
KLMN.  Now,  since  the  surface  bc  is  always  falling,  and  the 
water  in  the  lower  vessel  always  rising,  the  height  of  the  jet 
must  continually  decrease,  till  it  is  shorter  by  the  depth  of 
KLMN,  which  is  empty,  added  to  the  depth  of  opqr,  which  is 
always  filling;  and  when  the  jet  is  fallen  so  low  it  immediately 
ceases  to  play. 

7.  A  machine  designed  to  raise  water  to  a  great  height  for  the 
irrigation  of  land,  in  such  situations  as  have  the  advantage  of  a 
small  fall,  is  described  in  Dr.  Darwin's  Phytohgia :  as  it  de- 
pends on  the  principle  of  Hero's  fountain,  it  may  properly  be 
inserted  here. 
.  .  Fig.  4.  pi.  XIX.  <f,  b,  is  the  stream  of  water. 
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hy  c^ivTeptesents  the  water-fall,  supposed  t(^  be  10  feet. 
.  d,  Cy  are  two  leaden  or  iron  vessels^  cdntaining  a  certain  quan- 
tity oi  water,  whicb  may  be  computed  to  be  about  4  gallons 
e^ch. 

fygyK  i>  Kh  *i«*  leaden  vessiels,  each  holding  about  two 
quarts.  •  t        - 

.o,|>,  two  cocks,  each  of  which  passes  through  two  pipe3, 
opening  the  one  and  closing  the  other. 

•^'y  r,  isa  rmter^balance,  that  moves  on  its  centres;  and  by 
which  the  two  cocks  o  and  p  are  alteroatefy  turned. 
^'tf  f/,  and  p^  Xf  are  two  air-pipes  of  lead,  both  internally  one 
inch  and  a  quarter  in  diameter. 

-y,  z;  y,  z;  1/y  z;  are  water»pipes,  each  being  one  inch  in 
.diameter. 

The  pipe  6,  e,  c,  is  always  full  from  the  stream  a,  b :  the  small 
cisterns  g,  t,  /,  and  the  large  one  dy  are  supposed  to  have  been 
previously  iilled  with  water.  The  fluid  may  then  be  admitted 
by  turning  the  cock  o,  through  the  pipe  c,  e,  into  the  large  cis- 
tern €,  This  water  will  press  the  air  confined  in  the  cistern  e^ 
up  the  air-pipe  Wy  x,  and  will  force  the  fluid  out  of  the  cisterns 
g,  iy  I,  into  those  marked  h,  ky  and  c. — At  the  same  time,  by 
opening  b,  the  water  and  condensed  air,  which  previously  ex- 
isted in  the  large  cistern  d,  and  in  the  smaller  ones  marked  /^  A, 
k,  will  be  discharged  at  b. — ;After  a  short  time,  the  water- 
balance,  qy  r,  5,  will  turn  the  cocks,  and  exclude  the  water, 
while  it  opens  the  opposite  ones;  the  cisterns^,  A,  k,  are 
emptied  in  their  turns  by  the  condensed  air  from  the  cistern  dy 
as  the  water  progressively  .enters  the  latter  from  the  pipe  6,  c. 

8.  A  very  ingenious  application  of  the  same  principle  has 
been  made  in  the  celebrated  Htmgarian  machine,  at  Chemnitz. 
The  best  account  we  have  beeto  able  to  obtain  of  this  is  the  fo^ 
lowing. 

In  tig.  3.  pi.  XVIII.  A  represents  the  source  of  water  ele- 
vated 1 36  feet  above  the  mouth  of  the  pit.     From  this  there 
>  runs  down  a  pipe  d  of  four  inches  diameter,  which  enters  the 
.  top  of  a  copper  cylinder  b,  S^  feet  high,  5  feet  diameter,  and  2 
inches  thick,  and  reaches  to  within  4  inches  of  the  bottom :  it 
has  a  cock  at  i.''^ 

This  cylinder  has  a  cock  at  q,  and  a  very  large  one  at  n. 
From  its  top  proceeds  a  pipe  v  lu;  two  inches  in  diameter,  which 
goes  96  feet  down  the  pit,  and  m  inserted  into  the.top  of  another 
brass  cylinder  c^,  which  is  6^  feet  high,  4  feet  diameter,  and 

*  In  the  figure  these  vessels  are  io  form  of  parallelopipeds,  and  there  ace 
some  pipes  and  cocks  which  are  not  referred  to'  in  this  description :  but 
this  happens,  because  one  diagram  is  made  to  serve  for  both  the  original 
machine,  and  Mr.  Boswell's  improverfieatt  mentioned  directly  after.      f 
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two  iMliai  tittck :  iiie  latter  coiitetiiiiig  «botit  SS  cubie  fcet^ 
which  is  nearly  one  half  of  tbe  capacity  of  the  former,  tiz.  170 
cubic  feet.  Ther^  is  anodier  piM  vo  of  4  inches  diameter, 
which  rises  from  within  4  inches  of  the  bottom  of  this  lower  ey- 
Imder,  is  soldered  into  its  top,  and  rises  to  tbe  trouah  z  whidi 
carries  off  the  ^-ater  from  the  mouth  of  iM  pit.  fhis  lower 
cylinder  communicates  at  the  bottom  with  tfie  water  o,  whic^ 
collects  in  the  drains  of  the  mines.  A  large  cock  p  serres  to 
exclude  or  admit  this  water :  anodier  cock  m  at  the  t<q>  of  this 
^rylinder  communicated  with  die  external  air. 

Now,  suppose  the  cock  i  shut,  and  all  the  rest  open :  the 

a  per  cylinder  will  contain  air,  and  the  lower  cylinder  will  be 
ed  with  water,  because  it  is  sunk  so  deep  that  its  top  is  below 
the  usual  surface  of  the  mine-waters.  Shut  the  cocks  q^  Vj  M, 
¥,  and  open  the  cock  i.  The  water  of  the  source  ▲  nrast  run 
in  by  tbe  orifice  j,  and  rise  in  the  upper  cylinder,  compressing 
the  air  above  it  and  along  tbe  pipe  txc,  and  ihu!i  acting  on  the 
surface  of  die  water  iu  the  lower  cyhnder.  It  will  therefore 
cause  it  to  rise  gradually  in  the  pipe  of,  where  it  will  always  be 
of  such  a  heigl^  dwt  its  weight  balances  the  elasticity  of  tbe 
compressed  air.  Suppose  no  issue  given  to  the  air  from  tbe 
upper  cylinder,  it  would  be  compressed  mto  one-fifth  of  its  bulk 
by  the  column  of  136  feet  lugh ;  for  a  column  of  34  feet  nearfy 
balances  the  ordbary  elasticity  of  tbe  air.  Therefore,  when 
tfiere  is  an  issue  given  to  it  through  the  pipe  ybc,  it  wHl  Ante 
tte  compressed  ahr  along  this  pipe,  and  it  will  expel  water  from 
the  lower  cylinder.  When  the  upper  cylinder  is  foil  of  ¥raler, 
there  will  be  54  cubic  feet  of  water  expdiled  from  die  lower  cy- 
linder. If  the  pipe  OP  had  been  more  than  136  fieet  long,  the 
water  would  have  risen  1S6  feet,  bein|;  dien  in  equHibrio  widi 
the  water  in  the  feeding  pipe  d  by  tbe  intervention  of  the  elastic 
air;  but  no  more  water  would  have  been  expelled  from  the 
lower  cylinder  than  what  fills  this  pipe.  But  the  pipe  being 
only  96  feet  high,  die  water  will  be  thro^nm  out  at  %  with  a  con- 
siderable velocity.  If  it  were  not  fbr  the  great  obstructioos 
which  wat^  and  nr  must  meet  vrith  in  their  passage  abng  pipea^ 
it  wonM  issue  at  s  wkh  a  velocity  of  more  than  fifty  feet  per 
second.  It  issues  however  much  more  slowly,  and  at  last  th|e 
upper  cylinder  is  full  of  water,  and  the  water  would  enter  the 
pipe  vn  and  enter  the  lower  cylinder,  and,  without  displacing 
the  air  in  it,  would  rise  through  the  discharging  pipe  OP,  and 
run  off  to  waste.  To'  prevent  this  there  hangs  in  the  pipe  vk  a 
cork  ball  or  double  cone,  by  a  brass  virire  which  is  guided  by 
holes  in  two  cross  pi«tes  in  that  pipe.  When  the  upper  cylin- 
der is  filled  with  water,  this  cork  plugs  up  the  orifice  v,  and  no 
water  is  wasted;  Uie  mfiux  at  s  now  stops.    But  die  lower 
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cylinder  contains  compressed  air,  which  would  balance  water  in 
a  discharging  pipe  1 S6  feet  high,  whereas  o  p  is  only  96.  There- 
fore the  water  will  continue  to  flow  at  z  till  the  air  has  so  far 
expanded  as  to  balance  oi^  96  feet  of  water,  that  isi  till  it  oc- 
cupies one-half  of  its  ordinary  bulk,  that  is,  one-fourth  of  the 
capacity  of  the  upper  cylinde^,  or  42}  cubic  feet.  Therefore 
42 i  cubic  feet  wiU  be  expelled,  and  the  efflux  at  z  will  cease ; 
and  the  lower  cylinder  is  about  one-half  full  of  water.  When 
the  attending  workman  observes  this,  he  shuts  the  cock  i.  He 
might  have  done  this  before,  had  he  known  when  the  orifice  v 
was  stopped ;  but  no  loss  ensues  from  the  delay.  At  the  same 
time  the  attendant  opens  the  cock  N  die  water  issues  with  great 
violence,  being  pressed  by  the  condensed  air  from  the  lower  cy« 
Under.  It  therefore  issues  with  the  sum  of  its  own  weight  and  ^ 
of  this  compression.  These  gradually  decrease  together,  by  the 
«fflux  of  the  water  and  the  expansion  of  the  air ;  but  this  efflux 
stops  before  all  the  water  has  flowed  out ;  for  there  are  4£|  feet 
of  the  lower  cylinder  occupied  by  ahr.  This  quantity  of  watet 
remains,  therefore,  in  the  upper  cylinder  nearly :  the  workman 
knows  this,  because  the  discharged  water  is  received  first  of  all 
into  a  vessel  containing  three-fi>urths  of  die  capacity  of  Ae 
upper  cylinder.  Whenever  this  is  filled,  the  attendant  openf 
the  cock  p  by  a  long  rod  which  goes  down  the  shaft ;  this  allows 
the  water  of  the  mine  to  fill  the  lower  cylinder,  and  the  air  to 
get  into  the  upper  cylinder,  which  pNermits  the  remaining  water 
to  run  out  of  it.  Tims  every  thing  is  brought  into  its  first  con- 
dition ;  and  when  the  attendant  sees  no  more  vfater  come  oat 
at  N,  he  shuts  the  cocks  n  and  m,  and  opens  the  cock  i^  and  the 
operadon  b  repeated. 

There  is  a  very  surprising -appearance  in  the  waking  of  tUs 
engine.  When  the  efflux  at  z  has  stopped,  if  the  cock  q  be 
opened,  the  water  and  air  rush  out  together  with  prodigious 
violence^  and  the  drops  of  water  are  changed  into  hau  or  lumps 
of  ice.  It  is  a  nght  usually  shown  to  strangers^  who  are  desired 
to  hold  their  hats  to  receive  the  blasts  of  air :  the  ice  comes  out 
with  such  violence  as  frequently  to  pierce  the  hat  like  a  fnstol 
bullet.  This  rapid  congelation  is  a  remarkable  instance  of  th^ 
general  fact,  that  air  by  suddenly  expanding  generates  cold^  its 
capacity  for  heat  being  increased. 

The  above  aceount  of  the  procedure  in  working  this  engiae 
shows  that  the  efflux  both  at  z  and  n  becomes  very  slow  oesir 
the  end.  It  is  found  convenient  ther^ore  not  to  wait  for  the 
complete  discharges,  but  to  turn  the  cocks  when  about  30  oubi^ 
feet  of  water  have  been  dischaiged  at  z :  more  woric  is  done  in 
this  way.  A  gentleman  of  great  aocuracj  and  knowledge  of 
these  subjecti  took  the  trouble  of  noticiBg  particularly  the  pet^ 
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formance  of  the  machine.  He  observed  that  each  stroke,  as  it 
may  be  called,  took  up  about  three  minutes  and  one-eighth ;  and 
that  32  cubic  feet  of  water  were  discharged  at  z,  and  66  were 
expended  at  n.  The  expence  therefore  is  66  feet  of  water 
falling  1 36  feet,  and  the  performance  is  32  raised  96,  aud  they 
are  in  the  proportion  of  66  x  136  to  32  x  96,  or  of  1  to  0*3422, 
or  nearly  as  3  to  1 .  This  is  superior  to  the  performance  of  the 
most  perfect  undershot  mill,  even  when  all  friction  and  irregu- 
lar obstructions  are  neglected ;  and  is  not  much  inferior  to  any 
overshot  pump-mill  that  has  yet  been  erected.  Wh^n  we  re- 
flect on  the  great  obstructions  which  water  meets  with  in  its 
passage  through  long  pipes,  we  may  be  assured  that,  by  doubling 
the  size  of  the  feeder  and  discharger,  the  performance  of  the 
machine  will  be  greatly  improved ;  we  do  not  hesitate  to  say, 
that  it  would  be  increased  one-thind :  it  is  true  that  it  will  ex« 
pend  more  water ;  but  this  will  not  be  nearly  in  the  same  pro-- 
portion,  for  most  of  the  deficiency  of  the  machine  arises  frora^ 
the  needless  velocity  of  the  first  efflux  at  z.  The  discharging 
pipe  ought  to  be  1 10  feet  high,  and  not  give  sensibly  less  water. 
.Then  it  must  be  considered  how  inferior  in  original  expense  this 
simple  machine  must  be  to  a  mill  of  any  kind  which  would  raise 
10  cubic  feet  96  feet  high  in  a  minute,  and  how  small  the  re- 

1)airs  on  it  need  be,  when  compared  with  a  mill.  And,  lastly, 
et  It  be  noticed  that  such  a  machine  can  be  used  where  no  miU 
•whatever  can  be  put  in  motion.  A  small  stream  of  water,  which 
would  not  move  any  kind  of  wheel,  will  here  raise  one-third  of 
its  own  quantity  to  the  same  height ;  working  as  fast  as  it  is  sup* 
plied. 

For  these  reasons,  we  think  that  the  Hungarian  machine  emi-^ 
nently  deserves  the  attention  of  mathemfaticians  and  engineers, 
to  bring  it  to  its  utmost  perfection,  and  into  general  use.  There 
are  situations  where  this  kind  of  machine  may  be  very  useful. 
Thus,  where  the  tide  rises  17  feet,  it  may  be  used  for  compress- 
ing air  to  seven-eighths  of  its  bulk ;  and  a  pipe  leading  from  a 
iVery  large  vessel  inverted  in  it  may  be  used  for  raising  the  water 
from  a  vessel  of  one-eighth  of  its  capacity- 17  feet  high;  or  if 
this  vessel  has  only  one-tenth  of  the  capacity  of  the  large  one  set 
iq  the  tide-way,  two  pipes  may  be  led  from  it ;  one  into  the  small 
vessel,  and  the  other  into  an  equal  vessel  16  feet  higher,  which 
receives  the  water  from  the  first.  Thus  one-sixteenth  of -the 
water  may  be  raised  34  feet,  and  a  smaller  quantity  to  a  stiH 
greater  height ;  and  this  with  a  kind  of  power  that  can  hardly 
Jt)e  applied  any  other  way.  Machines  of  this  kind  are  described 
by  Schottus,  Sturmius,  Leupold,  and  other  old  writers ;  and 
they  should  not  be  forgotten,  because  opportunities  may  offer 
of  making  them  highly  benefiicial.  ^ 
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9*  Mr.  John  Whitley  fioswell  has  devised  an  apparatus 
M'hich  when  attached  to  such  a  machine  as  that  at  Chemnitz 
win  enable  it  to  work  itself  without  attendance.  The  descrip- 
tion of  this  will  be  presented  to  the  reader  in  Mr.  Boswell's 
own  words. 

Fig.  3.  pi.  X  VIII.  A  is  the  reservoir,  or  upper  level  of  water. 

By  a  ehamber  made  of  sufficient  strength  to  bear  the  internal 
pressure  of  a  column  of  water  the  height  of  a  above  it,  multi- 
plied by  its  own  base.  % 

c,  a  chamber  of  the  same  strength  as  b,  but  of  a  smaller  size ; 
it  is  placed  at  the  bottom  of  the  pit  from  which  the  water  is  to 
be  raised,  and  under  the  level  of  the  water. 

These  chambers  would  be  stronger  with  the  same  materials, 
if  of  a  globular  or  cylindrical  form;  but  the  square  shape  is  used 
in  the  drawing  merely  for  the  facility  of  representing  the  position 
of  the  parts. 

D,  a  pipe  from  the  reservoir  a  which  passes  through  die  top 
of  B,  and  ends  near  its  bottom,  to  convey  water  from  a  U  b. 

£,  a  pipe  from  the  top  of  b  to  the  top  of  c,  to  convey  air 
from  B  to  c. 

F,  a  pipe  from  the  bottom  of  c  to  the  level  of  the  ground  at 
the  top  of  the  pit,  to  carry  off  the  water  from  the  pit. 

G,  a  pipe  from  the  bottom  of  b  to  carry  off  the  water  from 
it. 

H,  a  vessel  to  contain  the  water  used  in  working  the  cocks  ; 
it  is  only  placed  on  the  top  of  b  to  save  the  construction  of  a 
stand  on  purpose  for  it. 

I,  a  cock,  or  moveable  valve  (worked  by  the  lever  there  re- 
presented), in  the  large  pipe  d. 

K,  a  stop-cock  in  die  small  pipe  which  conveys  water  firom  D 
to  H.  Its  use  ia  to  make  the  engine  work  faster  or  slower,  by 
letting  water  more  or  less  quick  into  h  ;  or  to  stop  it  altogether 
from  working  when  required. 

Is,  a  moveable  valve  or  cock  in  the  small  pipe  lk.  The  lever 
which  works  it  is  connected  by  a  strong  wire  with  the  lever 
which  works  i,  and  is  balanced  by  a  weight  at  its  opposite 
extremity,  sufficient  to  open  both  these  cocks  and  shut  n,  when 
not  prevented  by  a  counter  weight. 

N,  a  cock  in  die  pipe  o  to  open  and  shut  it  as  wanted. 

o,  a  self-moving  vdve  in  the  pipe  p,  vyhich  permits  the  water 
to  pass  upwards,  but  prevents  its  return. 

F,  a  sel^moviug  valve  at  the  bottom  of  c,  which  permits  the 
water  to  pass  into  c,  but  prevents  any  from  passing  out  of  it; 
it  is  fiinii^ed  with  a  grating,  to  prevent  dirt  gettmg  in. 

R,  a  vessel  suspended  from  die  levers  of  i  and  l,  capable  of 
containing  a  we^ht  of  water  sufficient  to  shut  them 
VOL.  11.  ff  ' 
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6,  a  vessel  suspended  from  the  lever  of  k  :  U  must  ebntaia 
water  enough  by  its  weight  to  open  n  :  it  is  connected  by  a 
chain  to  R,  to  keep  it  down  as  long  as  n  is  open. 

T|  a  sypbon  passing  from  the  bottom  of  u,  near  its  upper 
edgC;  and  doHn  again  to  the  mouth  of  r* 

V,  a  self-moving  valve  of  a  sufficient  levity  to  rbe,  when  the 
water  in  b  conies  up  to  it,  and  close  the  pipe  b  ;  into  wliich  no 
water  would  else  pass  from  b.  A  ball-cock,  such  b»  used  in 
common  water  cisterns,  would  do  here. 

X,  a  syphon  from  the  bottom  of  B  rising  within  an.  inch  of  its 
top,  and  passing  down  again  to  the  mouth  of  s. 

Y,  a  small  pipe  at  the  bottom  of  8 :  this  may  have  a  stop- 
cock, to  regulate  it,  which^  when  slopped,,  will  also  stop  the 
engine. 

The  mode  of  this  engine's  working  is  as  follows :  suppose 
the  vessels  v,  h,  b,  and  s  empty  of  water,  and  the  cocks  k  and 
Y  open,  and  the  vessel  o  ftiU  of  water.  The  weight  on  the  lever 
of  L  will  then  open  the  cocks  i.  and  i,  on  which  the  water  from 
A  will  flow  into  b  and  h.  As  the  water  rises  in  B,  it  will 
force  the  air  through  s  into  Cy  which  strongly  pressing  on  the 
water  in  c,  will  force  it  up  through  the  pipe  f,  till  the  water  in 
B  rises  to  the  le\'er  of  v  and  closes  it,  at  which  time  h  will  be 
full  of  water  (the  quantity  flowing  in  being  so  regulate  by  the 
cock  k),  and  the  water  will  flow  from  it  through  the  syphon  t 
into  the  vessel  k,  which  as  it  filk  shuts  the  cocks  i  and  l,  and 
prevents  any  more  water  coming  into  b  and  u.  When  it  is 
full,  the  water  flows  through  its  syphon  x,  which  fills  s,  and  by 
it  opens  n,  which  empties  b  of  water,* and  keeps  a  open  as 
long  as  there  is  any  water  in  h. 

When  H  is  empty,  b  will  be  so  too  (being  so  regulated  by  the 
cock  k),  on  which,  in  a  moment  or  two,  r  and  s  will  also  be 
empty;  which  will  cause  the  cocks  i  and  l  to  open,  and  all 
things  will  be  again  in  the  state  first  supposed,  for  a  repetitioa 
of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  k  and  y  should  be  shut, 
while  8  is  full  of  water.  To  set  it  working,  they  should  be 
open;  and  this  is  all  the  attendance  i%  will  require.  As  no 
one  but  an  engineer  should  attempt  to  construct  such  an  engine 
as  this,  it  was  useless  to  represent  the  manner  of  contiecting  the 
pipes  by  flanches  or  otherwise;  or  the  proper  methods  of  fasten- 
mg  and  closing  the  parts,  which  are  all  well  known  to  such  as 
have  made  this  art  their  study.  (Nicholson's  Joumaly^o. 
vol.  L) 

In  No.  5.  of  the  New  Series  of  Nieholson's  Journal,  Mn 
Boswell  has  made  some  further  improvements  in  the  application 
of  the  Hungarian  machine. 
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10.  The  Spiral  pump  is  a  very  curious  hydraulic  engine,  which 
operates  on  nearly  ihe  same  principle  as  the  Hungarian  machine.    /,^       / 
1  he  first  engme  of  this  kind,  of  which  we  have  seen  any  account  >t   Iv     "^  '^ 
WM  mvented  and  erected  by  H.  Andreas   Wirtz,  a  tinplatel  ^i^*^^^^-^ 
worker  of  Zurich,  at  a  dye-house  in  Limmat,  in  the  vicinity  of  Jp  J^3  L 
that  city.     It  consists  of  a  hollow  cyHnder,  like  a  very  large 
grindstone,  turning  on  a  horizontal  axfs,  and  partly  plunged  in 
a  cistern  of  water.     The  axis  is  hollow  at  one  end,  and  com- 
nmnicates  m  ilh  a  vertical  pipe.    This  cylinder  or  drum  is  formed     ^ 
into  a  spiral  canal,  by  a  plate  coiled  up  within  it  like  the  main 
spnng  of  a  watch  in  its  box;  orJy  the  spires  at  a  distance  from 
each  other,  so  as  to  form  a  conduit  for  the  water  of  uniform 
width.    This  spiral  partition  is  well  joined  to  the  two  ends  of 
the  cylinder,  and  no  water  escapes  between  them.     The  onter- 
most  turn  of  the  spiral  begins  to  widen  about  ^  of  a  circumfer- 
ence from  the  end,  and  this  gradual  enlargement  continues 
nearly  a  semicircle,  this  part  being  called  the  horn :  it  then  widens 
suddenly,  forming  a  scoop  or  shovel.    The  cylinder  is  so  sup- 
ported that  this  dbovel  may,  in  the  course  of  a  rotation,  dip  se- 
veral inches  into  the  water.    As  the  cylinder  turns  upon  its  axis, 
the  scoop  dips  and  takes  up  a  certain  quantity  of  water  before  it 
emei^ges  a|^in.    This  quantity  b  sufficient  to  fill  the  horn ;  and 
this  again  is  nearly  equal  in  capacity  to  che  outermost  uniform 
spiral  round 

After  the  scoop  is  emerged,  the  water  passes  along  the  spiral 
by  the  motion  of  it  round  the  axis,  and  drives  the  air  before  it 
into  the  rising  pipe,  where  it  escapes.  In  the  mean  time,  air 
comes  into  the  mouth  of  the  scoop;  and  ii^en  the  scoop  again 
dips  into  the  water,  it  again  takes  in  some  of  that  fiuid.  Inus 
there  becomes  a  part  filled  with  water,  and  a  part  filled  with 
air.  Continuing  this  motion,  a  second  round  oif  water  will  be 
received,  and  another  of  air.  The  water  in  any  turn  of  the 
spiral  will  have  its  two  ends  on  a  level;  and  the  air  between  the 
successive  columns  of  water  will  be  in  its  natural  state ;  for  since 
the  passage  into  the  rising  pipe  or  main  is  open,  there  is  nothing 
to  force  the  water  and  air  iuto  any  other  position.  But  since 
the  spires  gradually  diminish  in  their  length,  it  is  plain  that 
the  column  of  water  will'  gradually  occupy  more  and  more  of 
the  circumference  of  each.  At  last  it  will  occupy  a  complete 
turn  of  some  spire  that  is  near  the  centre ;  and  when  sent  further 
in  by  the  continuance  of  the  motion,  some  of  it  will  run  back 
over  the  top  of  the  succeeding  spire.  Thus  it  will  run  over 
into  the  right-hand  side  of  the  third  spire;  and  consequently  ' 

will  push  the  water  of  this  spire  backwards,  and  raise  its  other 
end,  so  that  it  will  likewise  run  over  backwards  before  the  next 
rotation  be  comp  letcd.    At  length  dits  change  of  disposition 
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will  reach  the  outermost  spire,  and  some  w^ter  will  run  orer 
into  the  horn  and  scoop,  and  6nally  into  the  cistern. 

But  as  soon  as  water  gets  into  the  rising  pipe,  and  rises  a 
little  into  it,  it  stops  the  escape  of  the  air  when  the  next  scoop 
of  water  is  taken  in.  Hence  there  are  then  two  columns  of 
water  acting  against  each  other  by  hydrostatic  pressure,  and  the 
intervening  column  of  air:  they  must  compress  the  air  between 
them,  and  the  water  and  air  columns  will  now  be  unequal: 
this  will  have  a  general  tendency  to  keep  the  whole  water  back^ 
and  cause  it  to  be  higher  on  the  left  or  rising  side  of  each  spire 
than  on  the  right  or  descending  side:  the  excess  of  height  being 
just  such  as  produces  the  compression  of  the  air  between  thai 
and  the  preceding  column  of  water.  This  will  go  on  increasing 
as  die  water  mounts  in  the  rising  pipe;  for  the  air  next  to  the 
rising  pipe  is  compressed  at  its  inner  end  with  the  weight  of  the 
whole  column  in  the  main :  and  it  must  he  as  much  compressed 
at  its  outer  end,  which  must  be  done  by  the  water  column  without 
it;  and  diis  colunm  exerts  this  pressure  partly  by  reason  that 
its  outer  end  is  higher  than  its  inner  end,  and  partly  by  the 
transmission  of  the  pressure  on  its  outer  end  by  air,  which  is 
similarly  compressed  from  without.  Thus  it  will  happen  that 
each  column  of  water  being  higher  at  its  outer  than  at  its  inner 
end,  compresses  the  air  on  the  water  column  beyond  or  within 
it,  which  transmits  this  pressure  to  the  air  beyond  tV,  adding  to  it 
the  pressure  arising  from  its  own  want  of  level  at  the  ends. 
Consequently,  the  greatest  compression,  viz.  that  of  the  air 
next  the  main,  is  produced  by  t/u:  sum  of  all  the  transmitted 
pressures ;  and  these  are  the  sum  of  all  the  difftrences  between 
the  elevations  of  the  inner  ends  of  the  water  columns  above 
their  outer  ends:  and  the  height  to  which  the  water  will  rise  in 
the  main  will  be  just  equal  to  this  sum. 

Suppose  the  left-hand  spaces  of  each  spire  to  be  filled  with 
water,,  and  the  right-hand  spaces  filled  with  air,  as  is  shewn,  in 
regard  to  one  spire,  in  fig.  3.  pi  XVH.  There  is  a  certain  grada-^ 
tion  of  compression  which  will  keep  things  in  this  position:  for 
the  spaces  manifestly  decrease  in  arithmetical  progression ;  and 
so  do  the  hydrostatic  heights  and  pressures:  if,  therefore,  the 
air  be  dense  in  the  same  progression  all  will  be  in  hydrostatical 
equilibrium*  Now  this  may  obviously  be  produced  by  the  mere 
motion  of  tlie  machine;  for  since  the  density  and  compression 
in  each  air  column  is  supposed  inversely  as  the  magnitude  of 
the  column,  the  quantity  of  air  is  the  same  in  all;  therefore  the 
column  first  taken  in  will  pass  ^dually  inwards,  and  the  in- 
creasing compression  will  cause  it  to  occupy  precisely  the  whole 
righfrJiand  of  every  spire.  The  gradual  diminution  of  the  water 
columns  will  be  produced,  during  the  motion,  by  the  water 
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ruiming  over  backwards  at  the  top  from  spire  to  spire,  and 
tiltimately  coining  out  by  ihe  scoop.  Since  the  hydrostatic  height 
of  each  water  column  is  now  the  greatest  possible,  viz.  the 
diameter  of  the  spire,,  it  is  evident  that  this  disposition  of  the 
air  and  water  will  raise  the  water  to  the  greatest  height.  This 
disposition  may  be  obtained  thus:  let  cb  be  a  vertical  radius  of 
the  wheel,  c  being  the  centre,  and  b  the  highest  point  [the  figure 
niay  easily  be  drawn];  upon  cb,  take  cl  to  cb,  as  tlie  density 
of  the  e.vternal  air  to  its  density  in  the  last  column  next  the  rising 
pipe  or  main;  that  is,  make  CL  to  cb  as  31  feet  (the  height  of 
the  column  of  water  which  balances  the  pressure  of  the  atmo- 
sphere), to  the  sum  of  34  feet,  and  the  height  of  the  rising  pipe : 
then  divide  bl  into  such  a  number  of  turns  that  the  sum  of  their 
equal  diameters  shall  be  equal  to  the  height  of  the  main;  lastly, 
bring  a  pipe  straight  from  l  to  the  centre  c.  Such  is  the 
construction  of  the  spiral  pump,  ^a  originally  invented  by 
Wirtz:  it  certainly  indicates  very  considerable  mechanical 
knowledge  and  sagac^y. 

But,  when  the  main  is  very  high,  this  construction  will  require 
either  an  enormous  diameter  of  the  drum,  or  many  turns  of  a 
very  narrow  pipe.  In  such  fases  it  will  be  much  better  to  make 
the  spiral  in  the  form  of  a  corkscrew,  than  of  tliis  flat  form  like 
a  watch-spring.  The  pipe  which  forms  the  spiral  may  be 
wrapped  round  the  frustum  of  a  cone,  whose  greatest  diameter 
Is  to  the  least  (which  is  next  to  the  rising  pipe)  m  the  prpportion 
JQSt  assigned  to  cb  and  cl.  By  this  construction  the  water  will 
so  stand  in  every  round  as  to  have  its  upper  and  lower  surfaces 
tangents  to  the  top  and  bottom  of  the  spiral,  and  the  water 
columns  will  occupy  the  whole  ascending  side  of  the  machine, 
while  the  air  occupies  the  descending  side.  This  form  is  far 
preferable  to  the  flat  form :  it  will  allow  us  to  employ  tnany 
turns  of  a  large  pipe,  and  therefore  produce  a  great  elevation  of 
a  large  quantity  of  water. 

The  same  thing  will  be  still  better  accomplished  by  wrapping 
the  pipe  on  a  cylinder,  and  making  it  gradually  tapering  to  the 
end,  in  such  a  manner  that  the  contents  of  each  spire  may  be 
the  same  as  when  it  is  wrapped  round  the  cone.  It  will  raise 
the  water  to  a  greater  height  (though  certainly  with  an  increase 
of  the  impelling  power),  by  the  same  number  of  spires,  because 
the  vertical  or  pressing  height  of  each  column  is  greater. 

In  the  preceding  description  of  thb  machine,  that  construc- 
tion has  been  chosen  which  made  its  principle  and  manner  of 
working  inost  evident,  namely,  that  which  contained  the  same 
material  quantity  of  air  in  each  turn  of  the  spiral,  more  and  more 
compressed  as  it  approaches  to  the  rising  pipe*  But  this  is 
not  the  best  construction:  for  we  see  that  in  order  to  rais^ 
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water  to  the  height  of  the  column  of  34  feet^  the  air  io  the  lasf 
spire  b  compressed  into  half  its  space;  and  the  quantity  of 
water  delivered  ioto  the  main  at  each  turn  is  but  half  what  was 
received  into  the  first  spire^  the  rest  flowing  back  from  spire  to 
spire^  and  being  dischai^ed  at  the  spout. 

But  the  construction  may  be  such  that  the  quantity  of  water 
in  each  spire  may  be  the  same  that  was  received  into  the  first ; 
by  which  means  a  greater  quantity  (double  in  the  instance  now 
^ven)  will  be  delivered  into  the  main,  and  raised  to  the  same 
altitude  by  veiy  nearly  tbe  same  force.  This  may  be  done  by 
another  proportion  of  the  capacity  of  die  spires;  either  by  a 
change  of  their  caliber,  or  of  the  diameters  of  the  solid  on  which 
they  are  folded.  Suppose  the  bore  to  be  uniform  throughout, 
the  diameters  must  so  vary  that  the  constant  column  of  water 
and  the  column  of  air,  compressed  to  the  proper  degree,  may 
occupy  the  whole  circumference.  Let  a  be  the  column  of 
vi  ater  which  balances  the  pressure,  and  h  the  height  to  which 
the  water  is  to  be  raised.  Let  a  be  to  a  -|-h  as  1  to  m.  Then 
it  is  plain  that  m  will  represent  the  density  of  the  air  in  the  last 
spire,  if  its  natural  density  be  1,  because  it  is  pressed  by  the 
column  A+H  while  the  common  air  is  pressed  by  a.  Let  1 
represent  the  constant  water  column,  and  consequently  it  will 
be  nearly  equal  to  the  air  column  in  the  first  spu*e:  dien  the 

whole  circumference  of  the  last  spire  must  be  1  +  — ,  in  order 
to  hold  the  water  1,  and  to  compress  tlie  air  into  the  space  — 

or .    The  circumference  of  the  first  spire  is  1  +  1  or  2: 

and  if  d  and  d  be  the  diameters  of  the  first  and  last  spires  we 
bave2:  1-1 ::  D:d,or2  w:m+l::D:c?.  If^ therefore,^ pipe 

of  uniform  bore  be  wrapped  round  a  conic  frustum,  of  which 
D  an'd  d  are  the  end  diameters,  the  spirals  will  be  very  nearly 
such  as  will  answer  the  purppse.  It  will  not  be  quite  exact, 
for  the  intermediate  spirals  will  be  rather  too  large:  the  conoidal 
frustum  should  in  strictness  be  formed  by  the  revolution  of  a 
logarithmic  curve.  With  such  a  spiral  the  full  quantity  of 
water  which  was  confined  in  the  first  spire  will  soon  find  room 
in  the  last,  and  will  be  sent  into  the  main  at  ever}'  rotation. 
This  is  a  very  great  advantage,  especially  when  the  water  is  tq 
be  much  raised.  The  saving  of  power  by  this  change  of  con* 
atruction  is  always  proportional  to  the  greatest  compression  of 
the  air*     ^ 

The  chief  difficulty  in  any  of  these  forms  is  in  determining 
the  form  and  position  of  the  horn  aqd  the  scoop ;  yet  on  thif 
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the  perfonnance  of  the  machine  greatly  depends.    The  folloi^ing 

instructioRS  will  render  this  tolerably  easy.     Let  abeo  (fig.  3. 

pi.  XVII.)  represent  the  first  or  outermost  spire,  of  which  the 

axis  is  c.     Suppose  the  machine  immerged  up  to  the  axis  in 

the  water  whose  surface  is  vy' :  it  has  been  seen  that  it  is  most 

effective  when  the  surfaces  kb  and  on  of  the  water  columns  are 

distant  from  each  other  the  whole  diameter  BO  of  the  spire. 

iiCt  therefore  the  pipe  be  first  conceived  of  equal  caliber  to 

the  very  mouth  Be,  which  we  suppose  to  be  just  about  to  dip 

into  the  water :  the  surface  o/i  is  kept  there  in  opposition  tf> 

the  pressure  of  the  water  column  bao  by  the  compressed  air 

contained  in  the  quadrant  OB,  and  in  the  quadrant  which  lies 

behind  eb:  and  this  compression  is  supported  by  the  columns 

behind,  between  this  spire  and  the  rising  pipe.     But  the  air  in 

the  outermost  quadrant  eb  is  in  its  natural  state^  because  it  as 

yet  communicates  with  the  external  air.     When,  however,  the 

mouth  £6  has  come  round  to  a,  it  will  not  have  the  water 

standing  in  it  in  the  same  manner,  leaving  the  half  space  bed 

filled  with  compressed  air;  for  it  took  in  and  confined  only 

what  filled  the  quadrant  bb.     It  is  obvious,  therefore,  that  the 

^uadraat  be  must  be  so  shaped  as  to  take  in  and  confine  a 

much  greater  quantity  of  air;  so  that  when  it  has  come  to  a^ 

ihe  space  bko  may  contain  air  sufficiently  dense  to  support  the 

^olikmn  AC.     But  this  is  not  enough:  for  when  the  wide  mouth 

now  at  A  a'  rises  iip  to  the  top,  the  surface  of  the  water  in 

it  mes  also,  because  the  part  \ooci  is  more  capacious  than 

the  part  of  uniforYn  bore  ob^o  that  succeeds  it,  and  that  cannot 

coQtain  all  the  water  which  it  previously  held.     Since  then  the 

w^ter  )xi  the  spire  rises  above  a,  it  will  press  die  water  back 

from  on  to  some  other  position  mV,  and  the  pressing  height  of 

the  water  column  Mill  be  diminished  by  this  rising  on  the  other 

side  of  o.     Hence  it  will  appear  that  the  horn  must  begin  to 

widen,  not  from  b,  but  from  a>  and  must  occupy  the  whole 

semicircle  abb;  while  its  capacity  must  be  to  the  capacity  of 

the  opposite  side  of  uniform  bore  as  the  sum  of  bo  and  the 

height  of  a  c;iplumn  of  water  which  balances  the  atmosphere 

to  Uie  height  of  that  column :  for  then  the  air  which  filled  it 

when  of  the  common  density  will  fill  the  uniform  side  beg, 

when  compress^ed  so  as  to  balance  the  vertical  column  bo. 

But  even  this  is  not  sufficient;  for  it  has  not  taken  water  enough. 

When  it  dipped  into  the  cistern  at  b  it  carried  air  down  with  it, 

and  the  pressure  of  the  water  in  the  cistern  caused  that  fluid  to 

rise  into  it  a  little  way ;  and  some  water  must  have  come  over 

at  B  from  the  other  side,  which  was  drawing  narrower.     When, 

0wrcfore,  the  horn  is  in  the  position   eoa  it  is  not  full  of 

water:  consequentlyi  when  it  comes  into  the  situation  oab  it 
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cannot  be  full^  nor  can  it  balance  the  air  on  the  opposite  side. 
Hence  some  will  come  out  at  o,  and  rise  up  through  the  water. 
The  horn  must  therefore  extend  at  ^  least  from  o  to  b,  or 
occupy  half  the  circumference;  and  it  must  contain  at  least 
twice  as  much  water  as  would  fill  the  side  bed.  Nay,  if  it 
be  much  larger,  there  may  be  no  disadvantage;  because  the 
surplus  of  air  which  it  takes  in  at  £  will  be  discharged  as  the 
end  Ee  of  the  horn  rises  from  o  to  b,  and  it  will  leave  the 
precise  quantity  that  is  ^^  anted.  Hie  overplus  water  will  be 
discharged  as  the  horn  comes  round  to  dip  again  into  the 
cistern. 

We  must  also  secure  the  proper  quantity  of  water.  When 
the  machine  is  so  much  immersed  as  to  be  up  to  its  nxis  in 
Abater,  the  capacity  which  thus  secures  the  proper  quantity  of 
air  will  also  take  in  the  proper  quantity  of  water.  But  it  may 
be  erected  so  as  that  the  spirals  shall  not  even  reach  the  water; 
and  in  this  case  it  will  answer  the  purpose  if  a  scoop  or  shovel 
be  joined  to  the  horn,  and  so  formed  as  to  take  in  at  least  as 
much  water  as  will  fill  the  horn.  This  is  all  that  is  wanted  in 
the  beginning  of  the  motion  along ^the  spiral,  and  more  than  is 
necessary  when  the  water  has  advanced  to  the  succeeding  spire; 
but  the  overplus  is  discharged  in  the  way  just  mentioned.  The 
scpop,  it  should  be  observed,  must  be  very  open  on  the  side  next 
the  axis,  that  it  may  not  confine  the  air  as  it  enters  the  water; 
for  this  would  hinder  it  from  receiving  enough  of  that  fluid.    • 

As  an  example  we  shall  give  the  dimensions  of  a  machine 
erected  at  Florence,  whose  ^rformance  corresponded  extremely 
well  witli  the  theory.  The  spiral  is  formed  on  a  cylinder  of  10 
feet  diameter,  and  the  diameter  of  the  pipe  is  6. inches.  The 
^mallerend  of  the  horn  is  of  the  same  diameter;  it  occupies  ^  of 
the  circumference,  and  is  7^8  inches  wide  at  the  outer  end:  here 
it  joins  the  scoop,  which  lifts  as  much  water  as  fills  the  horn, 
which  contaius  4340  Sviftdish  cubic  inches,  each  zzl'571  En- 
glish. The  machine  makes  6  revolutions  in  a  minute,  and  raises 
1354  pounds  of  water,  or  22  cubic  feet,  10  feet  high  in  a 
minute.  Thus  it  raises  more  than  Vrths  of  what  the  theory 
would  lead  us  to  expect,  and  yet  it  is  not  perfect;  for  the  spiral 
is  throughout  of  equal  caliber,  and  is  formed  on  a  cylinder  in- 
stead of  a  conoid. 

In  this  macliine  the  friction  is  so  inconsiderable  that  it  need 
not  be  mentioned:  but  the  great  excellency  is,  that  whatever 
imperfections  there  may  be  in  the  arrangement  of  the  air  and 
water  columns,"^  it  only  affects  the  elegance  of  the  execution, 
causing  the  water  to  make  a  few  more  turns  in  the  spiral  before 
it  can  mount  to  the  required  height;  but  it  wastes  no  power, 
t>ecause  tjie  power  employed  b^always  in  proportion  to  the  sum 
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of  the  veYtical  columns  of  water  in  the  rising  side  of  the  machine, 
and  the  altitude  to  which  the  water  is  raised  by  it  is  in  the  very 
same  proportion.  The  machine  should  be  made  to  move  very 
slow,  that  th«  water  be  not  always  dragged  up  by  the  pipes, 
which  would  cause  more  to  run  over  from  each  column  and 
diminish  the  pressure  of  the  remainder.  If  the  rising  pipe  be 
made  wide,  and  thus  room  be  made  for  the  air  to  escape  freely 
upwards  through  the  water,  it  will  rise  to  the  height  assigned; 
but  if  the  pipe  be  narrow,  so  that  the  air  cannot  rise  freely,  it 
rises  almost  as  slowly  as  the  water;  and  by  this  circumstance 
the  water  mixed  with  the  air  is  raised  to  a  much  greater  height, 
and  this  with  hardly  any  augmentation  of  the  power.  Thus  it 
is  diat  the  great  performance  of  the  Florentine  machine  (which 
is  almost  triple  what  a  man  can  do  with  the  best  constructed 
pump)  is  accounted  for.  Lastly,  we  may  observe  that  the  en- 
trance into  the  rising  pipe  should  be  no  wider  than  the  last  part 
of  the  spiral;  and  it  would  be  advisable  to  divide  it  into  four 
channels  by  a  thin  partition,  and  then  to  make  the  rising  pipe 
▼ery  wide,  and  to  put  into  it  a  number  of  slender  rods,  which 
would  divide  it  into  several  slender  channels  that  would  serve 
compietelx  to  entangle  the  air  among  the  water :  this  procedure 
will  greatly  increase  the  heights  to  which  the  heterogeneous 
column  may  be  carried. 

We  earnestly  recommend  the  application  and  improvement 
of  this  machine  to  practical  engineers:  the  principles  on  which 
its  theory  depends  are  confessedly  intricate;  but  when  judiciously 
constructed  it  is  very  powerful  and  effective  in  its  operations: 
on  which  accounts  we  are  sorry  that  hitherto  it  has  not,  as  far 
as  we  recollect,  been  described  in  more  than  two  British  works, 
the  Transactions  of  the  Society  of  ArlSj  for  1176,  and  the  jE/i<ry- 
clopadia  Britannica. 

1 1 .  Desa^uliers  describes,  in  the  second  volume  of  his  Expe- 
rimental Philosophy,  a  very  simple  contrivance  to  raise  water, 
which  is  this:  to  one  end  of  a  rope  is  fixed  a  large  bticket, 
having  a  valve  at  its  bottom,  opening  upwards :  to  the  other 
end  is  fastened  a  square  frame,  and  the  cord  is  made  to  pass 
over  two  pulleys,  each  of  aboOt  15  inches  diameter  (and  fixed 
in  a  horizontal  plane),  in  such  manner  that  as  the  bucket 
descends  the  frame  ascends  with  equal  velocity,  and  vice  versa. 
The  frame  is  made  to  run  ffeely  upon  four  vertical  iron  guide- 
rods  passing  through  holes  at  its  four  corner^:  and  when  the 
bucket  is  filled  with  water  at  the  well,  the  frame  stands  at  the 
horizontal  plane  to  which  the  wat^r  is  to  be  raised:  when  the 
bucket  is  full  a  man  steps  upon  the  frame  (his  weight,  together 
with  that  of  the  frame,  exceeding  the  weight  of  the  vessel  and 
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its  contained  water):  this  gives  an  ascending  motion  to  (he 
bucket^  and  causes  th^  valve  in  its  bottom  to  close.  When  the 
bucket  is  raised  to  the  proper  hcighit  a  hook  fixed  there  catches 
into  a  hasp  at  the  side  of  the  bucket^  turns  it  over^  and  causes  it 
to  empty  its  water  into  a  trough  which  conveys  it  where  it  is 
required:  at  this  tin^e  the  man  and  tlie  descending  frame  have 
arrived  at  a  platform  which  prevents  tlieir  fm'ther  descent, 
where  the  man  remains  till  he  finds  the  bucket  aboye  is  empty; 
when  he  steps  from  the  frame,  and  runs  up  a  flight  of  staii-s  to 
the  plac/B  from  which  he  descended :  the  bucket  in  the  mean 
while,  beipg  somewhat  heavier  than  the  frame,  descends  to  the 
water,  and  raises  the  frame  to  its  original  positioi^  Thus  the 
work  is  continued;  tbe  man  being  at  r/est  during  liis  descent,  and 
labouring  in  the  ascept. 

Desaguliers  employed  in  this  kind  of  work  a  ^'  tavern 
drawer**  who  weighed  160lbs.  whom  he  desired  to  go  up  and 
down  40  steps  of  6|  inches  each  (iq  all  about  22  ^et)  at  the 
same  rate  he  would  go  up  and  down  all  day.  He  went  up  and 
down  twice  in  a  minute :  so  that  allowing  the  bucket  widi  a 
quarter  of  a  hogshead  in  it  to  weigh  1 40lbs.  he  is  able  to  raise  it 
up  through  22  feet  twice  in  a  minute :  this  Desaguliers  estir 
mates  as  equivabnt  to  a  whole  hogshead  raised  11  feet  in  a 
minute;  and  rather  exceed^  what  he  has  assigned  a^  a  maximuni 
of  human  exertion. 

This  machine  is  in  many  cases  not  only  the  ippst  simple,  but 
the  best  that  can  be  devised;  yet  it  is  one  that  without  due 
precautious  is  likely  to  be  a  very  bad  one.  The  frame  on 
w  hicb  the  man  steps  must  be  brought  up  to  ijts  place  again  by 
preponderancy  in  the  machine  when  unloaded :  it  should  arrive 
precisely  at  the  same  time  with  the  man;  but  it  may  arrive 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  ]x^ 
raising  a  counterpoise  which  is  needlessly  heavy,  or  in  fact  less 
water  is  elevated  than  the  man  is  able  to  elevate;  if  later,  there 
is  a  loss  of  time.  Hence  tlie  perfection  of  this  truly  simple 
machine  requires  the  judicious  combination  of  two  maximums, 
each  of  which  varies  ma  ratio  compounded  of  two  other  ratio^. 
It  will  not  be  difficult,  however,  to  adjust  the  proportions  of  the 
weight  of  the  bucket  and  that  of  the  frame:  for  if  b  denote  the 
weight  of  tlie  bucket,  f  that  of  the  frame,  and  p  the  force 
necessary  to  overcome  the  friction  and  the  inertia  of  the  pulleys, 
g  denoting  32^  feet,  t  the  time  occupied  in  walking  up  Uie 
steps,  and  s  the  space  ascended  or  descended,  then  must  b  and 
E  be  so  adjusted  as  to  satisfy  the  followmg  ec^uatipn^  vi?.  5= 


Digitized  by 


Google 


Hydraulic  Engines.  235 

12.  If  diere  be  a  spring  affording  but  a  small  quantity  of 
water,  or  having  but  a  small  fall,  it  is  possible  by  the  loss  of 
some  of  the  water  to  raise  the  pest  to  supply  a  gentleman's 
seat,  or  any  place  where  it  is  wanted ;  but  in  a  less  quantity 
than  what  runs  waste,  if  die  place  to  which  the  water  is  to  be 
raised  is  higher  than  the  spring  or  reservoir  from  which  the 
ynkter  falls.  Schottus  long  ago  contrived  an  engine  for  this 
purpose:  but  the  first  who  put  sncb  a  thing  in  execution 
was  Gironimo  Finiigio,  at  Rome,  in  1616;  and  the  first  in 
this  country  waaT  George  Gerves,  a  carpenter,  who,  in  the 
year  1725,  erected  an  engine  called  the  Multiply ing-wheel 
Bucket-engine,  at  the  seat  of  Sir  John  Chester,  at  Chichley,  in 
Buckinghamshire.  This  engine  was  nmch  approved  by  Sir 
Isaac  Newton,  Dr.  Desaguliers,  and  Mr.  Beighton,  and  was 
certainly  very  ingenious.  The  water  firom  a  spring  descended 
in  a  large  bucket  hanging  by  a  cord  from  an  axle,  while  a 
emaller  quantity  was  raised  from  the  same  place  by  a  cord 
hanging  ^om  a  wheel  on  the  same  axle :  a  fly  and  other  regu- 
lating apparatus  were  added,  to  make  the  engine  work  itself, 
which  it  did  for  many  years  without  beinff  out  of  order.  As 
a  whole,  however,  the  contrivance  is  complex  ;  and  we  are  not 
aware  that  any  other  engines  of  the  same  kind  have  been 
erected.  A  description,  with  a  plate,  may  be  seen  in  Desagu- 
liers's  second  volume. 

Mr.  H.  Sarjeanty  of  Whitehaven,  contrived  a  very  cheap 
lengine  for  raismg  water,  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  silver  medal  in  the  year 
1801.  A  sketch  of  this  simple  invention  is  given  in  fig.  2. 
pi.  XIX. 

This  engine  was  erected  at  Irton-hall,  which  is  situated  on 
an  ascent  of  60  or  61  feet  perpendicular  height :  at  the  foot  of 
this  elevation,  about  140  yards  distant  from  the  offices,  there 
runs  a  small  stream  of  water;  and,  in  order  to  procure  a  con- 
stant supply  of  that  necessary  fluid,  the  object  was  to  raise  such 
stream  to  the  house  for  culinary  and  domestic  uses.  With  this 
yiew,  a  dam  was  formed  at  a  short  distance  above  the  current, 
so  as  to  cause  a  fall  of  about  four  feet :  the  water  was  then  con- 
flucted  through  a  wooden  trough,  into  which  a  piece  of  leaden 
pipe,  two  iqphes  in  diameter,  wasr  inserted,  and  part  of  which  is 
flelineated  at  a. 

The  stream  of  this  pipe  is  directed  in  such  a  manner  as  to 
run  into  the  bucket  b,  when  the  latter  is  elevated;  but,  as 
iMK>n  as  it  l^egios  to  descend,  the  stream  passes  over  it,  and  flows 
progressively  to  supply  the  wooden  trough  or  well,  at  the  foot 
^f  which  stands  the  forcing-pump  c,  being  three  inches  in 
iliametcf^. 
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D  b  an  iron  cylinder  attached  to  the  pump-rod,  which 
passes  through  it :  such  C3riiiider  is  filled  with  lead^  and  weighs 
about  240  lbs.  This  power  works  the  pump,  and  forces  the 
water  to  ascend  to  the  house  through  a  pipe  one  inch  in  diar 
meter,  and  which  is  420  feet  in  length. 

At  £  is  fixed  a  cord,  which,  when  the  bucket  approaches  to 
within  four  or  five  inches  of  its  lowest  projection,  extends,  and 
opens  a  valve  in  the  Ixittom  of  the  vessel  through  which  die 
water  is  discharged. 

An  engine  in  a  great  degree  similar  to  this  was  erected  some 
years  ago  by  the  late  James  Speddinz,  esq.  for  a  lead  mine  near 
Keswick,  with  the  addition  of  a  smsQIer  bucket  which  emptied 
itself  into  the  larger  near  the  beginning  of  its  descent,  without 
which  addition  it  was  found  that  the  beam  only  acquired  a 
libratory  motion,  without  making  a  full  and  effective  stroke. 

To  answer  this  purpose  in  a  more  simple  way,  Mr.  Sarjeaut 
constructed  the  small  engine  in  such  manner  as  to  finish  its 
stroke  (speaking  of  the  bucket  end)  when  the  beam  comes  into 
^n  horizontal  position,  or  a  little  below  it.  By  this  means  the 
lever  is  virtually  lengthened  in  its  descent  in  the  proportion  of 
the  radius  to  the  cosine,  of  about  thirty  degrees,  or  as  seven  to 
six  nearly,  and  consequently  its  power  is  increased  in  an  equal 
proportion. 

It  is  evident,  th%t  the  opening  of  the  valve  m^ht  have  been 
effected,  perhaps  better,  by  a  projecting  pin  at  the  bottom ;  but 
Mr.  S.  chose  to  give  an  exact  description  of  the  engine  as  rt 
stands.  It  has  now  been  some  years  in  use^  and  completely 
answers  the  purpose  intended. 

The  only  artificers  employed^  except  the  plumber,  were  a 
country  blacksmith  and  carpenter ;  and  the  whole  cost^  exclu- 
sive of  the  pump  and  pipes,  did  not  amount  to  SL 

In  a  letter,  dated  Whitehaven,  April  28,  1801,  Mr.  Serjeant 
observes,  that  the  pump  requires  about  eighteen  gallons  of  water 
in  the  bucket  to  raise  the  counter-weight,  and  make  a  fresh 
stroke  in  the  pump ;  but  it  makes  three  strokes  in  a  minute, 
and  gives  about  a  half-gallon  into  the  cistern  at  each  stroke. 
He  adds,  '^  I  speak  of  what  it  did  in  the  driest  part  of  last  sum- 
mer; when  it  supplied  a  lar^e  fami^,  together  with  work- 
people, &,c.  with  Mater  for  aU  purposes,  in  a  situation  where 
none  was  to  be  had  before,  except  some  bad  water  from  a  (Gom- 
roon pump  which  has  been  since  removed.  But  the  above 
supply  being  more  than  sufficient,  the  machine  is  occasionally 
stopped  to  prevent  wear,  which  is  done  by  merely  casting  oS 
tlie  striqg  of  the  bucket  valve." 

1^.  Mr.  Benjafnin  Dearborn,  whose  simple  fire-engine  has 
already  been  mentioned^  has  contrived  an  hydraulic   engine 
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^kich  may  be  conveniently  added  to  a  common  pump,  and 
thereby  renders  it  useful  in  further  elevating  vrater,  and  par«> 
ticularly  in  extinguishing  fires:  the  following  description  of 
his  apparatus  is  extracted  from  the  Memoirs  of  the  American 
Acaaemy. 

Plate  XIX.  fig.  7.  a,  b,  c,  d,  represents  a  pump,  tlic  form 
of  which  is  similar  to  that  of  the  pumps  commonly  employed 
on  ship-board. 

B,  die  spout. 

F,  a  stopper. 

D,  dy  a  plank-cap,  that  is  fitted  to  the  pump,  and  provided 
with  leather  on  its  lower  surface ;  being  secured  by  the  screws 
ayh\  in  the  centre  is  a  hole,  through  which  the  spear  of  the 
pump  passes,  and  round  which  a  leather  collar  is  made,  as  re- 
presented at  the  letter  c. 

g,  a  nut  for  the  screw  h. 

J\  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the 
ptank-cap,  through  both  which  the  screw  a  is  introduced :  a 
hole  is  made  through  such  piece  and  the  cap,  that  communicates 
with  the  bore  of  the  pump. 

Gy  Oy  a  wooden  tube,  which  may  be  of  any  requbite  length, 
and  consist  of  any  number  of  joints  :  it  is  made  square  at  the 
lower  extremity,  and  perforated  for  the  reception  of  the  cock ; 
the  upper  end  being  made  with  a  nice  shoulder. 

f ,  a  wooden  cock  that  opens  or  shuts  the  communication  be- 
tween the  pump  and  the  tube ;  being  furnished  on  the  opposite 
side  with  a  handle  and  with  a  lock,  in  case  it  should  be  found 
necessary. 

hy  hy  are  two  ferules,  the  object  of  which  is  to  prevent  die 
tube  from  splitting. 

H,H,  braces,  each  of  which  ought  to  be  crossed  over  another, 
as  nearly  at  right  angles  as  possible. 

It,  are  irons  in  form  of  a  staple,  which  surround  the  tube, 
and  pass  through  th^  braces ;  their  euds  being  perforated  with 
holes  for  fore-locks. 

K,L,  M,N,  is  a  head  made  of  five  pieces  of  wood ;  k,l,m,n, 
a  square  piece,  in  the  lower  part  of  which  is  a  hole  for  the 
reception  of  the  extremity  of  the  tube,  and  which  piece  rests  on 
the  shoulder  o^p;  to  the  lower  end  of  this  head  is  nailed  a  piece 
of  leather,  with  a  hole  in  its  centre,  similar  to  that  made  in  the 
wood.  Another  piece  of  leather  of  the  same  form  is  placed  on 
the  top  of  the  tube,  and  between  both  is  a  circle  of  thin  plate- 
brass  ;..the  two  pieces  of  leather  and  the  brass  being  pressed 
between  .the  lower  end  of  the  head  and  the  shoulder  of  the 
tube.    Their  edges  are  delineated  at  o,  p. 

KiNy  and  L,M^  are  the  edges  of  two  pieces  of  plank,  of  a 
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simflar  width  with  the  bead^  to  which  they  are  closely  nailed  ; 
each  being  provided  with  a  tenoD,  that  passes  through  a  mortice 
in  the  end  of  die  piece  o,  p  :  both  tenons  have  holes  for  a  fore- 
lock at  y. 

0,  Vf  a  piece  of  plank  of  the  same'width  as  the  sides ;  the 
centre  of  which  is  perforated^  in  order  'that  the  tube  may  pass 
through  ;  and  in  each  end  of  which  is  a  mortice  for  the  reeep- 
tion  of  the  tenons. 

NyM^acap. 

TyTy  are  two  pieces  nailed  to  the  side  of  the  tube  |  the  lower 
extremity  of  each  is  provided  with  a  truck,  with  a  view  to 
lessen  the  friction  of  the  head  in  its  horizontal  revolution. 

fy  q,  represent  fore-locks,  the  des^  of  which  is  to  fasten 
down  the  head,  and  prevent  the  water  from  escaping  at  die 
joint  o,p. 

g,R,  is  a  wooden  bonductor ;  the  extrenuty  marked  widi  die 
letter  q  being  solid,  while  the  opposite  end,  r,  is  bored  with  a 
small  aueer. 

1,  a  bolt  that  passes  through  the  conductor  and  head,  and  being 
secured  on  the  back  with  a  lore-lock  or  nut :  this  bolt  is  rounded 
near  the  head,  and  square  in  the  middle. 

tyUjWyXy  represents  a  piece  of  iron  or  brass,  designed  le- pre- 
vent the  head  of  the  bolt  from  wearing  into  the  wood. 

s,  s,  are  ropes  for  the  direction  of  the  conductor. 

Fiff.  8.  represents  the  bead  without  such  conductor. 

a^OfCfd,  is  a  thick  brass  plate,  the  centre  of  which  is  per- 
forated, so  as  to  admit  a  passage  to  impurities,  that  nnght  other- 
wise obstruct  the  conductor :  for  which  purpose  a*  piece  of 
leather  is  nailed  under  it  to  the  head  The  square  hole  in  the 
centre  is  adapted  to  the  size  of  the  bolt,  which  it  prevoits  from 
turning.  The  conductor  has  a  hollow  cut  round  the  bolt  on 
the  inside,  of  the  same  size  as  the  circle  of  holes  in  die  brass : 
round  such  cavity  is  nailed,  on  the  fiice  of  the  conductor,  a  piece 
of  leather,  that  plays  on  the  mai^in  of  the  brass-fdate  when  the 
conductor  is  in  motion. 

In  die  conclusion  of  his  Memoir,  Mr.  Dearborn  observes, 
that  he  has  raised  a  tube'  of  30  feet  on  his  pump ;  and,  though 
the  severity  of  the  season  had  prevented  him  from  conpletua^  it, 
so  that  one  person  only  could  woric  at  the  brake,  yet  he  is 
enabled  to  throw  water  on  a  contiguous  buihlii^,  the  nearest 
part  of  which  is  37  feet  from  the  pump,  and  between  30  and 
40  feet  in  bdsht. 

14.  The  Hydraulic  Ram,  rovented  by  M.  Joseph  Mootgol- 
fier,  is  a  inachine  the  construction  of  which  b  founded  upon  the 
acceleration  of  the  velocity  of  a*  liquid  mass  fdling  i»  a  tube, 
and  the  commutiication  of  that  motion  to  another  liquid  jqrss 
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moving  Mrith  ft  less  velocity  than  the  former.  We  know  that  a 
heavy  body  falling  in  vacuo  runs  over  l6  tt  feet  in  the  first  se- 
cond ;  and  a  liquid  column  which  falls  in  an  unresisting  vertical 
tube  passes  over  the  same  space  in  the  same  time,  with  a  motion 
uniformly  accelerated:  supposing  this  tube  kept  constantly 
full,  and  considering  the  friction  of  the  particles  of  the  fluid 
against  one  another,  and  against  tlie  sides  of  the  tube,  the  mo- 
tion b  such,  that,  though  it  ceases  to  be  uniformly  accelerated, 
the  velocity  of  the  c^olumn,  at  first  nothing,  arrives  by  degrees 
at  its  maximum,  in  a  longer  or  shorter  time,  depending  on  the 
dimensions  and  form  of  the  tube ;  the  contained  fluid  having 
acquired  a  certain  velocity,  there  results  a  certain  quantity  of 
motion;  the  object  of  the  hydraulic  ram  is  to  communicate 
a  part  of  this  motion  to  the  mass  of  water  which  is  to  be  ele- 
vated. 

■  To  understand  the  construction  of  this  machine,  suppose  that 
an  orifice  is  made  through  tlie  pier  or  embankment  of  a  reser* 
voir  of  either  standing  or  running  water,  at  the  depth  of  4  or  5 
feet  bdow  the  surface  of  the  fluid,  such  orifice  receiving  one  end 
of  a  cylindrical  tube  about  20  or  24  feet  long,  the  tube  being 
formed  of  iron^  copper,  or  other  suitable  materials,  and  placed 
horizontally,  and  nrmly  supported  through  its  whole  length  by 
timber  or  by  masonry.  To  the  end  of  this  tube  farthest  from 
the  reservoir  is  adapted  a  piece  of  iron  or  of  copper^  called  the 
head  of  the  ram;  it  has  two  orifices,  both  of  which  open  hori- 
zontally ;  the  sucker  of  one  of  these  closes  by  ascending,  that 
belonging  to  the  other  closes  by  descending:  these  valves  are 
guided  in  their  motions  by  rings  which  traverse  the  handles  at- 
tached to  their  centres.  The  orifice  which  has  the  ascending 
valve,  and  which  is  in  fact  the  remoter  orifice,  permits  the  water 
to  escape  freely:  the  other  is  covered  by  a  kind  of  tower, 
which  serves  ns  an  air-vessel,  and  is  pierced  on  one  side  by  a 
hole  to  which  a  tube  is  adapted  that  is  elevated  to  the  height  to 
which  it  is  proposed  to  raise  the  water.  See  also  id,  pL 
XXXVIIl. 

To  understand  the  ^c^ton  of  the  machine,  let  it  be  considered 
that  when  the  remoter  orifice  is  open,  the  water  which  runs 
along  the  horizontal  tube  will  escape  with  a  velocity  which  will 
continue  to  increase  until  the  impression  of  the  stream  raises 
the  valv^  and  closes  the  orifice :  hence  the  motion  of  all  the 
water  in  the  tube  is  suddenly  stopped,  and  the  vis  viva  acquired 
exerts  itself  on  all  parts  of  the  tube,  and  consequently  on  the 
rising  valve,  which  giving  way  permits  the  water  to  escape 
through  it  into  the  vessel  above :  the  force  existing  in  the  cy- 
linder being  thus  employed,  the  pressure  to  which  the  valve 
yielded  becomes  annihilated,  and  the  sucker  redescends,  closing 
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its  orifice :  the  velocity  of  the  w^r  in  the  horizontal  tube  beiop 
thus  destroyed,  the  remoter  orifice  again  permits  the  water  ta 
escape  through  it,  and  the  same  operations  are  repeated  so  lon^ 
as  there  is  a  proper  supply  of  water.  Thus  it  wUl  be  seen  that 
every  time  the  valve  closes  the  remoter  orifice,  a  portion  of  the 
movmg  water  passes  into  the  air-vessel  above  the  other  valve  y 
there  will  soon  be  a  sufficient  quantity  to  cover  the  inferior  ex- 
tremity of  the  ascending  tube,  and  then  the  air  which  is  above 
the  water  in  the  air-vessel,  having  no  communication  with  the 
atmosphere,  will  be  compressed  if  the  machine  continue  to  act,, 
and  its  expansive  force  increasing  with  the  compression  will 
compel  the  water  to  move  up  the  ascending  pipe ;  though  al- 
ways in  a  quantity  inversely  proportional  to  the  altitude  to  which 
it  is  to  be  raised. 

Every  time  the  remoter  or  discharging  sucker  shuts,  a  report 
is  heard  similar  to  that  of  the  stroke  of  a  hammer,  and  which 
furnishes  a  mean  of  knowing  how  often  it  is  closed  in  a  givea 
time. 

We  have  only  spoken  of  one  kind  of  ram ;  but  the  same  prin- 
ciples are  susceptible  of  a  very  extensive  application:  thus,  it 
would  be  easy  to  raise  other  water  besides  that  which  runs  through 
the  ram ;  as,  for  example,  with  a  fall  of  water,  we  might  by  a 
slight  modification  of  this  machine  raise  water  firom  the  botton> 
of  welb  or  of  mines. 

To  judge  of  the  merit  of  a  hydraulic  machine  we  must  con- 
sider its  produce,  the  expense  of  its^erectiou,  and  that  of  keeping 
it  in  repair.  Now  in  every  hydraulic  machine  the  force  ex- 
pended is  tbe  product  of  the  water  which  comes  from  its  source 
multiplied  by  the  height  it  falls  through  before  it  actaoa  the. 
machine ;  the  produce  being  the  product  of  the  quantity  of 
water  raised  in  the  same  time,  multiplied  by  the  height  to  which 
it  is  elevated.  Now,  in  an  experiment  made  upon  the  ram 
erected  at  the  Polytechnic  School,  it  appeared  that  the  expense 
was  to  the  produce  as  100 :  45.  For,  the  height  of  the  fall  is  1 
metre  82,  that  of  the  ascending  pipe  1 1  m.  66,  the  tube  of  the 
vertical  or  active  column  '054  m.  in  diameter,  being  fixed  at  the 
bottom  of  an  oval-shaped  vessel ;  the  horizontal  or  passive  co- 
lumn, also  '064 m.  in  diam. ;  the  ascendins  tube  of  tin  *002  m. 
interior  diam.  and  11  m.  66  elevation ;  the  total  length  32  m. 
66*  The  discharging  valve  closed  from  40  to  42  times  in  a  mi- 
nute. Tbe  water  which  fell  in  10  minutes  was  493*7  litres  f 
that  which  was  raised  up  the  ascending  tube  in  the  same  time 
51*8;  from  which  data  flows  the  ratio  iust  stated. 

In  another  hydraulic  ram  placed  in  M.  Montgolfier's  garden 
(Rue  des  Juifs,  No.  122)  the  fall  which  was  procured  artifi- 
cially was  li  feet;  the  height  to  which  the  water  was  raised. 
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JO  fcet ; '^^  iKasieter  of  the  tubes  2  iacbes;  tbe  water  ex- 
pended in  4  minutes  was  315  litres,  that  elevated  SO  litres: 
hence  the  expense  or  force  employed  is  7^  X  S15  =:  2S62; 
ti^  useful  force  50  X  SO  =  1500 ;  and  these  are  in  the  ratio  of 
100:64. 

In  an  experiment  made  upon  a  ram  at  Avillj,  near  Senlb^by 
dM •  Turquely  bleacher,  the  expense  was  found  to  be  to  the  pro- 
duceas  100:62.  In  an  experiment  on  a  fourth  machine,  in  which 
the  passive  column  was  10  m.  4  in  length,  and  the  height  of  the 
ascending  pipe  nearly  7  times  that  of  the  head  of  water,  the  dis- 
charging valve  closed  104  times  in  a  minute,  and  the  expense 
was  to  die  produce  as  100 :  57.  Taking  the  mean  of  these  ex** 
periments,  die  expense  will  be  to  the  produce  as  100 :  57 ;  so 
that  a  hydraulic  ram  placed  not  in  unfavourable  circumstances, 
and  executed  with  care,  may  be  said  to  employ  usefully  at  least' 
half  its  force. 

One  of  our  most  simple  ei^ines  for  purposes  similar  to  those 
}ia  which  the  ram  could  be  applied,  u  Sarjeant's  bucket  engme 
4see  No.  12  of  the  present  article,)  in  which  the  expense  b  to  the 
produce  nearly  as  100  to  42,  a  ratio  not  much  inferior  to  that 
of  the  ram  at  the  Polytechnic  School.  But  the  machine  most 
analogous  to  M.  Montgplfier's  in  principle  next  to  that  by  Mr* 
Boulton,  is  the  hydraulic  engine  at  Chemnitz :  ip  which  the  ex<» 
pimse  is  66  feet  of  water  falUpg  \%%  feet,  in  the  same  time  that 
the  {MPodttce  or  performance  is  32  feet  rabed  96 ;  they  are 
therefcNPeia  the  proportion  of  66  x  1S6  to  32  x  B^^  or  nearly 
^  100 :  34.  Even  thb  is  superior  to  the  performance  of  the 
most  perfect  undershot  mill,  and  might  certainly  be  considerably 
Wreased,  by  giving  more  favourable  proportions  to  the  feeding 
and  discharging  pipe,  than  ifk  the  exbting  machine.  And  if,  in 
aiMition  to  thisi  the  ingenious  apparatus  of  Mr.  Boswell, 
eMbling  the  machine  to  work  itself,  be  appropriated  skilfully 
to  such  a  general  contrivance,  it  will  doubuess  be  as  favourable 
as  die  hy^ulic  rasi«  M.  Montgolfier  suggests  the  utility  of 
his  invention  in  the  draining  of  mines :  and  in  that  case,  the 
hgrdraulic  ram,  and  the  Hungarian  machine,  would  become 
nearly,  if  not  altogether,  identical  as  to  the  principle. 

15.  The  Danaide^  a  new  hydraulic  machine,  invented  by  M« 
Mannoury  Dectot,  isthus  described  by  M.  M.  Perier,  Prony^ 
and  Camot,  m  their  report  to  the  French  Institute. 

The  model  by  which  thb  mechanbt  exhiluted  hb  experimeutS| 
ooosists  princi|paUy  of  a  troush,  the  bottqm  of  whidi  has  a  hole 
in  its  centre;  i^b  cyliflMhicM,  nearly  as  high  as  it  h  broad,  and 
nade  of  tiii^plale.  It  b  fixed  to  a  verticil  axb  of  iron,  which 
pastes  tllrouglli  die  middle  of  the  hole  in  the  bottom,  leaving  f 
vacanliyace  aU  rouBil^  through  which  i^ter  escapes  as  h  flowa 
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inlo  the  trough  (from  above) :  this  axis  turns,  with  the  trough, 
upon  a  pivot,  aud  is  fixed  above  to  a  collar.  '    '    •   i 

The  object  of  the  inventor  was  that  the  Water  flowing  into  the 
trough  from  above,  with  a  certain  quantity  of  vis  viva,  should 
communicate  the  whole  of  it  to  the  solid  parts  of  the  machine^ 
so  as  to  be  employed  afterwards  in  producing  some  useful  effect  j 
always  excepting  the  sinall  quantity  of  fo^e  necessary  to  enable 
f he  water  to  escape  by  the  orifice  below.  This  object  he  thus 
obtains.  ;   *  '  *        . 

Withiii  the  trough  there  is  affixed  to  the  fixis  a  drupi,  likewise 
of  tin-plate,  coAcentric  with' the  trough,  add  clos^  above  and 
below.  This  drum,  which  turns  routed  with  the  trough,  dccu-^ 
pies  nearly  the  whole  of  its  capacity ;  the  space  between  the 
two  not  etceeding  an  inch  and  a  half.  A  similar  space  exists 
also  between  the  bottom  of  the  trough  and  the  drum ;  it  is  how-' 
ever  less  than  the  former,  and  is  divided  into  several  compart^ 
ments  by  diaphragms  proceeding  flrom  the  circumference  to  the 
central  holein  the  bottom  of  the  trough.  These  diaphragms  do 
not  e^t  between  the  sides  of  the  drum  and  the  trough,  and  tb^ 
coinpartments  at  ^e  bottom  communickte  with  tUs  annula^ 
bpace.  ....        .      ,    /. 

"  The  water,  which  comes  from  a  reservoir  above  by  one  or* 
two  pipes,  makes  its  way  ihto  this  annular  space  between  the 
drum  and  the  trough.  The  bottoms  of  these  pipes  correspond 
with  the'  level  of  the  water  in  the  trough,  and  they  are  directed 
horizodtally,  a6  tangents  to' the  mean  circumference  between 
that  of  the  trough  and  bf  the  drum.  The  force  which  the  watet 
has  acquired  by  its  fall  alon^  the  pipes  causes  the  machine  ts^ 
niove  round  its  axis;  and  this  motion  gradually  accelerates  tiff 
the  Velocity  of  the  water  in  the  space  between  the  trough  and  the 
drum  equals  that  of  the  water  from  the  reservoir :  so  that  the 
tihock  of  the  water  from  above  upon  that  in  the  mkchide  be^ 
comes  imperceptifolB.        •  '  •  i 

Now  this  cit*cular  motion  qommunicates  to  the  water  between 
the  trough  and  the  drum  a  centrifhgal  force,  in  consequence  of 
which  it  presses  against  the  sides  of  the  trough.  The  centric 
fu^al  force  acts  equally  upon  the  water  contained  in  the  com«- 

I)artments  at  the  bottom  of  die  trough,  but  obviously  less  and 
ess  as  the  w'ater  apprOjaches  the  centre.^  The  whole  water^ 
then,  is  actuated  by  t^o  forces  which  Oppose  each  other;  namely, 
gravity  and  thecen^ifu^at  force.  The  first  tends  to  make  the 
u^ater  run  out  at  the^oriiice  at  the  bottom  of  the  trough ;  the  se^ 
tond  tends  to  drivfe  the  water  firom  that  hole.  To  these  two 
forces  are  joined  a  third,  namely, /rictioriy  which  here  acts.«f 
important  and  singular  part,  since  it  promotes  the  efficacy  of 
(he  machine,  yvhile  iu  other  machines  it  $dways  diminishes  tbat 
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efficacy.  Here,  on  the  contrary,  the  effect  would  be  nothing 
were  it  not  for  the  friction,  which  acts  in  a  tangent  to  the  s^desr 
pf  the  trough  anil  drum. 

By  the  comlanation  of  diese  three  forces  there  must  result  % 
more  or  less  rapid  flow  from  &e  orifice  at  the  bottom  of  the 
Jrough ;  and  the  less  force  the  water  has  as  it  escapes,  the  more 
It  will  have  employed  in  moving  the  machine,  and  consequently 
in  producin||  the  useful  effect  for  which  it  is  destiqed. 

The  movmg  power  is  the  weight  of  the  water  running  io^ 
multiplied  by  the  height  of  the  re^rvoir  from  which  it  flows- 
above  the  bottom  of  the  trough:  and  the  useful  effect  is  the 
same  product  diminished  by  half  die  force  which'  the  water  re- 
tains when  \t  issues  from  the  orifice  beloT^.  ^ 
The  Reporters  endeavoured  to  ascertam  by  direct  experiment 
Ae  amount  of  this  usefid  effect.  They  fixed  a  cord  to  the  axis 
of  the  machine,  which,  by  means  of  pulleys  properly  placed, 
niised  a  weight  as  the  machine  turned  round.  The  result  or 
repeated  experiments  was  that  the  effect  produced  amounted 
to  -h  and  sometimes  to  1%  of  the  moving  cause;  an  effect 
which  surpasses  that  of  the  best  machines  known. 

16.  It  will  hfi  expected  that  some  notice  should  be  taken  lu 
this  place  of  two  celebrated  hydraulic  engines,  viz.  the  water* 
works  at  London-bridgey  and  those  at  marly.  Of  these,  flie 
former  has  been  so  often  described  in  wcil-known  English 
works,  that  a  minute  description  appears  quite  unnecessary  r 
die  latter  will  be  briefly  described  under  die  article  Marly  iu 
du8  volume.  Other  contrivances  for  raising  water,  such  as  the 
gentrifitgal  machine^  pressure  engines, pumpSf  and  Archimedea's 
screw,  are  likewise  treated  under  the  respective  words. 

After  all,  it  is  not  possible  within  die  limits  to  which  die 
subject  of  hydraulic  engines  must  necessarily  be  confined  in 
dus  work,  to  describe  a  tenth  part  of  those  which,  by  ^he  inge« 
Buity  of  iheir  construction,  and  their  great  utility,  deserye  the 
attention  of  those  who  are  likely  to  be  engaged  iki  t^  erection 
of  such  machines.  To  supply  die  deficiency  in  soipe  measure, 
a  catalogue  is  here  itdded  of  the  most  iniportant  9Qd  valuable 
writings  on  these  kinds  of  engines. , 

D^scriptio  machioae  hydraulics  curips«  constmcta  JoA* 
Ceor.  Faudieri.    Venet.     1607. 

Nouvelle  invention  de  lever  Teau  plus  haut  que  la  source, 
avec  quelque  machines  mouvantes  par  le  moyen  de  Teau,  &Cf 
par  Isaac  de  Cans.    1657. 

Jpstpki  Gregorii  a  Monte  Sacr.  Prindpia  physico-niecha* 
nica  diversarum  machinarum  seu  instmmentorum  poeumaficei 
lu:  hydraulices,    Venet.     1664. 
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.  Kouyelle  nacbioe  kydnralique^  par  franciid.  Joura*  dot 
Sjav.     1669. 

[An  account  of  thb  machine  is  likewise  ^Tan  in  the  Archi* 
lecture  hydrauUque  of  Belidor,  tom.  S.  aod  in  the  2d  vol.  of 
Besaguliers's  Experimental  Philosophy:  in  both  which  per^ 
{ormances  many  other  hydraulic  machines  are  described.] 

An  undertaking  for  raising  water,  by  Sir  Samuel  MoreUuuL 
Phil.  Trans.  1674.  No.  102, 

An  hydraujick  engine  by  • ^  •  •     PbiK  Trans.  1675. 

No.  128. 

A  cheap  pump,  by  Mr.  C^n^s.  Phil.  Trans.  1 677.  No.  1 36. 

M.  de  Hauie/etUUe^  Refleiuans  sur  quelques  machioes  i  ele- 
ver  les  eaux,  avec  sa  description  d'une  nouvelle  ponspe,  aaas 
frottementet  sans  piston,  &c.     1682. 

Elevatio*  des  eaux  par  toute  sorte  des  macfainesy  reduke  i  || 
mesure,  au  poids,  i  la  balance,  par  le  nioyen  d*un  nouveau  piston 
et  corps  de  nompe,  et  d'un  nouveau  mouvemeut  cyclo«eltiptHi«i^ 
mt  rrjetant  r usage  de  toute  sorte  de  manivellesordittaires;  par  hi 
Chevalier  MorlaruL     16$5. 

A  new  way  of  raising  water,  enigmatically  proposed,  by  Dr. 
jPapin.  Phil.  Trans.  1685.  No.  173.  The  sclutions  by  Dr. 
Vincent  and  Mr.  R.  A.  in  No.  177. 

M.  du  ToraXf  Nouvelles  machines  pour  ^puiser  Ueau  de| 
foundations,  (jui,  quoi  tr^  simpks,  font  un  enel  supprenaot. 
16^5.    Journ.  des  S9av.  1695.  p.  293. 

An  engine  for  raiaang  water  by  the  tndp  of  fire,  by  Wr^TliQ* 
Savery,     Phil.  Trans.  1699.  No.  253. 

JD.  Fapin,  Nouvelle  maniire  pour  lever  Tean  par  la  force  da 
feu:  dCassel.     1707. 

.^  Memoire  pour  la  construction  d'une  pompe  qui  founnit  con* 
tinueUemeitt  de  Te^u  dans  le  reservoir,  par  M.  de  la  Uiftf 
'iiexa.  Acad.  Sci.  Paris.     171^. 

Descriotion  d'une  machine  pour  elever  des  eaux,  par  M.  de 
a/iivf,  Mem.  Acad.  Sci.  Paris.    1717. 

Jon.  Jac,  Bruckman»*%  und  Jok.  Heinr*  fVebef^i  Ekmentar* 
mascbiue,  oder  universal-mittel  bey  alien  wasser-bebuogen, 
Cassel.     1720. 

Jacob  Leupold,  Tbeatri  machinanun  hydraulicanias.  1784, 
1725. 

Joh.  Frid.  Wtidleri  Tractatus  de  machinis  bydnuilicis.  K>to 
terrarum  orbe  maximis  Marlyenai  et  Iiondineosii  tic.  17271 
Vide  Act  erudit.  laps.     1728. 

.  A  description  of  the  wateprworks  at  London-bridge,  by  H. 
Beighiou,  f ,  II.S.  Phil.  Trans,  1731.  No.  417. 

An  account  of  a  new  engine  for  raising  water,  io  which  hofsea 
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f^  other  animals  draw  u^ithout  any  loss  of  power  (which  has 
never  yet  been  practised) ;  and  how  the  strokes  of  the  piston 
may  be  made  of  any  length,  to  prevent  the  loss  of  water  by  the 
too  frequent  opening  of  valves,  8lc.  by  Walter  Churchman^ 
Phil,  Trans,     1734. 

Sur  Feffet  d'tine  machine  hydrauKque  propos^e  par  M» 
tSegner,  parM.  Lean,  Enter,  Mem.  Acsid.  Sci.  Berlin.     I75(>. 

Application  de  la  machine  hydraulique  de  M.  Segner  i  toutes 
ftortes  cTouvrages,  et  de  ses  avantages  sur  les  autres  machined 
hydrauliques;  par  M.  Leon.  Euler,  Mem.  Acad.  Sci.  Berlin. 
1151. 

[M.  Segner^s  machine  is  no  other  than  the  simple  yet  trulj 
iweniotts  contrivance  knovtfn  by  the  name,  of  Barker^a  milJ, 
which  had  been  described  in  the  2d  volume  ot  Desagutiers'i 
Philosophy,  j^ome  years  before  the  German  professor  made  any 

Eretensions  to  the  honour  of  the  invention.  The  tlieory  of  it  is 
kewi9e  treated  by  John  Bernoulli  at  the  end  of  his  Hydraulics*] 

Recberches  sur  une  nouvelle  mani^re  d^elever  de  I'eau  pn^* 
posie  par  M.  de  Mour,  par  M.  L.  Euler,  Mem.  Acad.  BerUii, 
1751. 

Discussion  particuli^re  de  diverses  maniires  d^elever  de  Teau 
par  le'moyen  des  pompes,  par  M.  L.  Euler,  Mem.  Acad.  Ber. 
1152. 

Msximes  pour  arranger  le  plus  advantageusement  les  ma* 
chines  destinees  k  el  ever  de  Teau  par  le  moyen  des  pompes,  paur 
M.  L.  Euler,  Mem.  Acad.  Ber.     1752. 

Reflexions  sur  les  machines  hydrauliqueS|  par  M.  le  Cheva- 
lier If  Arty,  Mem..  Acad.  Sci.  Paris.     1754. 

Memoire  sur  les  pom  pes  par  M.  le  C3ievalier  de  Borda,  Mem'. 
Acad,  Sci.  Paris.     1768. 

Dan.  Bernoulli  Expositio  theoretica  singularis  machinse  hy- 
draulicsB.  Figuri  helveUorumi  exstructa^.  Nov.  Com.  Acaa. 
Petrop.     1772. 

Abbandlungen  von  der  wasserschraube,  von  D.  Scherffer, 
Priester.  Wien.     1774. 

Recberches  sur  les  moyens  d'ex6cuter  sous  I'eau  toutes  sortea 
de  travaux  hydrauliques,  sans  employer  aucun  epuisement^  par 
M.  Coulomb.     1779. 

Saemund  Magnussen  Holm,  Efterretning  om  skye  pumpen, 
Kiobenhavn.     1779. 

Moyen  d'augmenter  la  vitesse  dans  le  mouvetnent  de  la  vis 
d'Archimede  sur  son  axe,  tire  des  m^moires  manuscrits  de  M. 
Pingeron,  sur  les  arts  utiles  et  agr6ables.  Journ.  d'Agric.  Juin, 
1780. 

The  thtery  of  the  syphon,  plainly  aud  methodically  illu- 
strated.    1781.    (Richardson.) 
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Memoria  sopra  la  nuova  tromba  funiculare  umiliatm,  dal 
Can.  Carlo  Castelli.  Milano.     1782. 

Fabre^  Essai  sur  la  maniire  la  plus  avantageuse  de  constniire 
les  machiaes  bydrauliques,  et  en  particuliere  les  moulins  a  ble<L 
1783. 

Dissertation  de  M.  de  Parcitux,  sur  le  inoyen  d*elever  Peau 

far  la  rotation  d*une  corde  verticale  sans  fin.    Amsterdam  et 
^aris.     1792. 

Theorie  der  wirzischen  spiral  pumpe,  eriautert  ton  Heinr. 
Vicander.    Schwed.  Abhandl.     1783. 

Jac,  Bernoulli^  Essai  sur  une  nouTelle  machine  hydraulique 
propre  i  elever  de  Teau^et  qti'on  peut  nommer  Machine  Pito- 
tienne.  Npv.  Act.  Acad.  Fetrop.  l7S6. 
'  K.  Ch.  JjOMgsdotfs  Berechnungen  iiber  die  vortheilhasftere 
benntzung  angelegter  sammelteiche  zur  betreibung  der  maa^ 
chinen.    Act  Acad.  Elect.  Mogunt.     1784,  1785. 

tiicandcr^s  Theorie  der  spiral  pumpe.    1789. 

Nouvelle  architecture  hydraulique^  par  M.  Proiiy.  179tf^ 
1796. 

A  short  account  of  the  invention,  theory,  and  practice  of  fira'* 
michiBery ;  or  introduction  to  the  art  of  making  machinea 
vulgarly  called  ateam-engines,  in  order  to  extract  water  from 
mines,  convey  it  to  towns,  and  jets  d'eaux  in  gardens ;  to  pro* 
cure  water-falls  for  fulling,  hammering,  stamping,  rolling,  and 
corn-mills,  by  JV.  Blakey.    1 793.    (Egerton.) 

HachettCf  Traits  £16mentaire  des  machines.     1811. 

To  these  may  be  added  the  Transactions  of  die  Society  of 
Arts,  the  Repertory  of  Arts,  Nichohon^a  Philosophical  Journal, 
and  Tilloch^s  Philosophical  Magazine,  in  different  places. 

HYDROMETERS.    See  vol.  L  arU.  401,  409. 

HYGROMETER,  or  uyghoscofe,  or  NOTiOMBTEB,an 
instrument  contrived  to  measure  the  humidity  of  the  air. 
'  The  instruments  hitherto  invented  for  this  purpose  have  not 
been  attended  widi  that  accuracy  which  there  was  reason  to  ei^ 
pect  and  to  hope  for.  We  have  hygrometers,  it  is  true,  which 
indicate  that  me  air  has  been  more  or  less  inoist ;  but  they 
have  often  this  fault,  that  they  indicate  a  greater  degree  of  moist- 
tire  than  really  exists  in  the  atmosphere :  besides,  they  are  not 
comparable ;  that  is  to  say,  it  is  not  possible  by  their  means  to 
compare  the  moisture  of  one  day,  or  of  one  place,  with  that  of 
another.  It  may  not,  however,  be  improper  to  describe  a  few 
of  the  contrivances  of  this  kind,  if  it  be  only  that  their  utility 
may  be  examined. 

1.  As  fir  wood  is  very  susceptible  of  participating  in  the  dry^ 
nets  and  moisture  of  the  atmosphere,  some  have  conceived  the 
idea  of  applying  this  property  to  the  construction  of  an  hygro- 
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Meter.  Fdr  this  pui^^,  a  small,  vety  thin  fir  boardi  is  placed 
across  bet\i'een  two  vertical  immoveable  pillars,  so  that  the  fibres 
stand  in  a  borizontskldirection ;  for  it  is  m  the  lateral  direction, 
<ir  that  transversal  to  its  fibres,  that  fir  and  other  kinds  of  wood 
are  extended  by  moisture^  The  upper  edge  of  l)ie  board  ought 
to  have  a  small  rack,  fitted  into  a  pinion^  Contiected  with  a 
'^heel,  and  the  latter  with  another  wheel,  having  on  its  axis  an 
index.  It  may  be  easily  perceived,  that  by  these  means  the  least 
jhotion  communicated  by  the  upper  edge  of  the  board  to  the 
rack,  by  its  rising  or  falling,  will  be  indicated  in  a  very  sensible 
ifianner  by  the  index ;  consequemly,  if  the  motion  of  the  index 
be  regulated  in  such  a  manner,  that  from  extreme  dryness  to. 
extreme  moisture  it  may  make  a  complete  revolution,  the  divi* 
Aons  of  this  circle  will  indicate  how  much  the  present  state  of 
the  atmosphere  is  distant  from  eiAer  of  these  extvenes« 

This  invention  is  ingenious,  but  it  is  not  sufficient*  The 
wood  retains  its  moisture  a  long  time  after  the  air  has  lost  that 
with  which  it  was  charged ;  besides^  die  board  gradually  be* 
tomes  less  sensible  to  the  impressions  of  the  air,  and  therefore 
produces  little  or  no  effect. 

2.  Suspend  a  small  circular  plate  by  a  fine  strings  or  piece  of 
catgut,  fastened  to  its  centre  of  gravity,  and  let  the  other  end^ 
the  string  be  attached  to  a  hook*  According  as  the  air  is  aofe 
or  less  moist,  you  vrill  see  the  small  pli^  turn  round  in  one  d^ 
section  or  in  another. 

'  The  hygrometers  commonly  sold  are  constructed  on  diis 
principle.  They  consist  of  ft  kind  of  box,  the  fore  part  of 
which  represents  a  building  with  two  doors.  On  one  side  of 
tfie  metal  plate  which  turns  round,  stands  the  figure  of  a  man 
'with  an  umbrella,  to  defenfd  him  from  the  rain,  and  on  the 
other  a  woman  with  ti  fan.  The  appearance  of  the  former  of 
these  figures  indicates  damp,  and  that  of  the  other  dry,  weather. 
This  pretended  hygrometer  can  serve  for  no  other  purpose  than 
to  amuse  children ;  for  the  philosopher  must  observe  that,  as  the 
variations  of  humidity  are  transmitted  to  this  instrument  only  by 
degrees,  it  ^i\i  indicate  moisture  or  drought  when  the  state  of 
the  atmosphere  b  ^uite  contrary. 

8.  Some  have  tned  to  construct  an  hygrometer,  by  making 
fast  a  jiiece  of  catgut  at  one  extremity,  winding  it  backwards 
and  forwards  over  different  pulleys,  and  suspending  from  its 
odier  extremity  a  small  weight,  behind  which  is  placed  a  gradu-  . 
-ated  scale.  Others  dispose  the  extremity  of  the  catgut  in  such 
a  manner,  as  to  cause  it  to  move  an  index  round  a  graduated 
-plate,  the  difierent  degrees  of  whicli  indicate  the  dryness  or 
moisture  of  the  atmosphere.  This  instrument,  however,  issub- 
jeet  io  die  same  inconveniences  as  that  before  mentioned. 
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#.  Put  into  otie  scal^  of  a  baUnce  any  salt  that  atln^cti  tfi# 
iBoiatore  of  the  air,  ai]4  into  the  other  a  weighty  in  exact  equv 
libruiBi  with  it.  The  scale  contaiaing  the  salt  will  sink  dowa 
during  damp  weather,  and  thereby  indicate  that  such  is  the 
state  of  the  atmosphere.  An  index,  to  determine  the  different 
degrees  of  drought  or  moisture,  may  be  easily  adapted  to  it 

This  instrument  however  is  worse  diati  any  of  tb^  rest;  for  » 
aalt  immersed  in  moist  air  becomes  charged  with  a  great  deal  of 
humidity,  but  loses  it  very  slowly  when  the  air  becomes  dry:^ 
fixed  alkali  of  tartar  even  imbibes  moisture  till  it  fidb  in  tkii» 
qtdum,  that  is  to  say,  till  it  b  reduced  to  a  liquid  or  fluid  state, 

5.  Music  may  be  employed  to  indicate  the  dryness  or  moistuie 
of  the  air.  The  sound  of  a  flute  is  higher  during  dry  than  dunii|( 
moist  weather,  and  the  string  of  a  violin  exhibits  the  same  frfie-. 
nomenon ;  but  neither  of  th^  can  shew  the  iqaniediate  9tate  o( 
die  air  in  regard  to  dryness  or  humidity. 

6.  M.  De  Luc's  contrivance  for  an  hygrometer  is  on  thiy 
principle.  Finding  that  even  ivory  swells  mth  siwture,  an4 
contracts  with,  dryness,  he  made  a  small  and  very  thin  hollow 
cylinder  of  ivory,  open  only  at  the  upper  end,  into  which  is  fitte4 
dbe  under  or  open  end  of  a  very  fine  loi^  glass  tube,  Uke  thai  of 
a  thermometer.  Into  these  is  introduced  some  quicksilver,  filU 
11^  the  ivory  cylincler,  and  a  small  part  of  the  length  up  the  glaan 
lube.  The  consequence  is  this :  when  moisture  swells  the  ivory 
cylinder,  its  bore  or  capacit}*  grows  larger,  and  consequently  thif 
mercury  sinks  in  the  fine  glass  tube  •,  and,  vice  ver$a^  when  the 
air  b  drier,  the  ivory  contracts,  and  forces  the  mercury  higher 
np  the  tube  of  glass.  It  is  evidisnt  that  an  instrument  thus  coor 
structed  b  in  fact  also  a  thermometer,  and  must  necessarily  b^ 
affected  by  the  vicissitudes  of  heat  a|id  cold,  as  well  ^9  by  t^osa 
of  dryness  and  mobture ;  or  that  it  must  act  as  a  thefmoi|ietef 
as  well  as  an  hygrometer.  The  contrivances  in  the  structuiw 
and  mounting  of  thb  instrument  are  described  in  the  Philof . 
Trans,  vol.  63,  art.  3S;>  where  it  may  be  seen  how  die  above 
imperfection  is  corrected  by  some  simple  and  ingenious  expe* 
dients,  employed  in  the  original  construction  and  subsequent 
use  of  the  instrument;  in  consequence  of  which,  the  variation^ 
in  the  temperature  of  the  air,  though  they  produce  their  full 
efiects  on  the  instrument  as  a  thermometer,  do  not  int^rferf 
with  or  embarrass  its  indications  as  an  hygrometer. 

7.  In  the  Philos.  Trans,  for  1791,  M.  De  Luc  has  given  a 
second  paper  on  hygrometry.  This  has  been  chiefly  occasioned 
by  a  Memoir  of  M.  De  Saussure  on  the  same  sulgect,  entitled 
Essais  sur  THygrometrie,  in  4to,  1783.  In  thb  work  M.  De  S. 
describes  a  new  hygrometer  of  hb  construction,  on  the  follow- 
ing principle.    It  b  a  known  fiM^t.tM  a  hair  vrill  ttrep^  w^en 
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k  19  moisleQec^  and  cootrtct  when  dried:  and  M.  De  Sausstire 
fpyiKl)  by  repeated  experimeats^  that  the  difference  between  the 
greatest  extension  and  contraction,  when  the  hair  is  properljf, 
prepared^  and  has  a  weight  of  about  3  grains  susjiended  by  it, 
W  nearly  one  40th  of  its  whole  length,  or  one  inch  in  40.  This 
circnmstance  si^gested  the  idea  ^  a  new  hygromeDer.  To  ren* 
der;  these  smaH  variati<ms  of  the  length  of  the  hair  perceptible^' 
anafipafatus  was.  contrived,  in  whick  one.  of  the  extremities  o£ 
the  hair  is£x^y  and  the  other,  bearing  the  counterpoise  above* 
i^enliooed,  surrounds  the  circumference  of  a  cyundert  whicb 
tnraa  upon  an  axis  to  which  a  hand  is  adapted,  marking  upon  a 
dial  in  large  divisions  the  almost  insensible  motion  of  this  axia. 
Aboi^  12  inches  Ugh  is  recommended  as  the  most  convenient 
and  useful :  aad  to  reader  them  portable,  a  contrivance  is  added». 
hy  whidh  the  hand  aad  the  oottnterpoise  can  be  occasionally^ 
fixed.  ' 

But  M.  De  LuCf  in  his  Id^es  sur  la  Meteorologie,  vol.  k 
anno  11S6,  shewa  tkat  baits,  and  all  the  other  animal  or  vegeta- 
ble hygrosccNpic  substances,  taken  lengthwise,  or  in  the  direo* 
tipn  ^  their  nbres^  undergo  contrary  changes  from  different  va« 
liations  of  hiimidil^ ;  that  when  immersed  in  water,  they  lengthen 
at  .first,  .and  afterwards  shorten ;  that  when  they  are  near  the  great* 
est  degree  of  humidity,  if  the  moisture  be  increased,  they  shorten 
themselvea;  if  it  be  diminished,  the^.  lengthen  themselves  first 
before  they  contract  again.  These  irregularities,  wl\ich  render 
tbeos  incapable  of  being  true  measures  of  humidity,  he  shews 
to  be  the  necessary  consequence  of  their  organic  reticular  struc* 
lure.  De  Saussure  takes  his  point  of  extreme  moisture  from 
the  vapours  of  water  under  a  glass  bell,  keeping  the  sides  of 
the  belt  continually  moistened ;  and  affirms,  that  the  humidity 
is  there  constantly  the  same  in  all  temperatures;  the  vapours 
even  of  boiling  water  having  no  other  effect  than  those  of  cold. 
De  Lmc,  on  the  contrary,  shews  tliat  the  differences  in  humidity 
linder  the  bell  are  very  great,  though  De  Saussure's  hygrometer 
was  not  capable  of  d^covering  them ;  and  that  the  real  unde« 
composed  vapour  of  boiling  water  has  the  directly  opposite 
effect  to  that  of  cold,  the  effect  of  extreme  dryness :  and  on  this 
poinjt  he  mentions  an  interesting  fact,  communicated  to  him  by 
5i(.  Watt,  viz.  that  wood  cannot  be  employed  in  the  steam* 
engine  for  any  of  those  parts  where  the  vapour  of  the  boiling 
water  is  confined,  because  it  dries  so  aa  to  crack  as  if  exposed 
to  the  fire 

To  these  charges  of  M.  De  Laic,  a  reply  is  made  by  M.  De 
Sauasore,  in.  his  Defence  of  the  Hair  Hygrometer,  in  1788  ; 
wberejie  attributes  the  seneral  disagreement  between  the  two 
instrunwuta  to  irregulnrities  of  M.  De  Luc's ;  and  assigns  some 
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aberrations  of  faU  own  hygrometer,  wfaicb  could  not  IniTe  pfeM* 
ceeded  from  die  above  caase^  but  to  its  having  been  out  o^ 
order,  &€. 

.  This  has  drawn  from  M.  De  Luc  if  second  paper  on  hygro-* 
iDetry,  published  in  the  Philos.  Tfanil.  fc^  1791,  p.  1.  and  S89. 
This  author  here  resumes  the  four  fundamental  prnidptes  which 
he  had  sketched  out  in  the  formef  paper/ viz.  1st,  Tliitt  fire  m 
a  sin-e,  and  th^  obiy  sure,  means  of  obtaimng  extt^me  dryness 
2d.  That  water,  in  its  liquid  state,  is  a*  sui^,  and' the  oilly  aui^' 
means  of  determining^  the  point  of  extreme  moistufe^  Sd.  There 
is  no  reason,  i  priori,  to  expect  from  any  hygroscopic  afub-^ 
stance,  that  the  measurable  effects  produced  in  it  by  moisture 
are  proportional  to  the  intensities  of  that  cause.  But  4th^  per^ 
iMq^  the  comparative  changes  of  the  dimension^  of  a  subalxnce^ 
ttd  of  the  weight  of  the  same  or  other  substances,  by  At  samer 
iwristions  of  moisture,  may  lead  to  some  discovery  in  that  re-' 
apect  On  these  head^  M.  De  Luc  expatiates  at  large  in  Mb 
paper,  shewing  the  imperfections  of  M.  Ue  Siussute's  priuciplesf 
of  hygrometry,  and  particularly  as  to  a  hair,'or  any  such  substance 
when  extended  lengthwise,  being  properly  used  as  an  hygroneterw 
On  the  other  hand,  he  shews  that  ue  expauaon  of  substancea 
across  the  fibres,  or  grain,  renders  them,  in  that  respect,  by  far 
die  most  prcq^er  for  this  purpose.  He  chooses  such  as  can  be 
made  very  thin>  as  ivory  of  deal  shavings,  bst  he  prefers  whal&^ 
bone,  as  Air  the  best* 

The  preceding  general  description  of  Ae  prineipa}  hygro-r 
meters  will,  we  trust,  be  sufficient  to  shew  that  great  impinfecM 
tion  and  uncertainty  attends  the  use  of  any  of  them ;  and,  at  the 
same  time,  to  justify  us  in  not  entering  more  into  detail  respect^ 
kig  the  construction  of  these  mstruments. 

JACK,  an  instrument  in  conmion  use  for  raising  heavy  tim^ 
ber,  or  very  great  weights  of  any  kind;  being  a  powerfi^  com-r 
bination  of  teeth  and  pinions,  and  the  whole  inclosed  in  a  strong 
wooden  stock  or  frame  bc,  and  moved  by  a  winch  or  handle  HP ; 
the  outside  appearing  as  in  fig.  5^  pi.  VIIL  In  fig.  6.  the  wheel 
or  rack  work  is  shewn,  beins  tfie  Tiew  of  the  inside  when  the 
stock  is  removed.  Though  it  is  not  drawn  in  the  just  propoN 
tions  and  dimensions,  for  the  rack  ab  must  be  supposed  at  least 
four  times  as  long  in  proportion  to  the  wheel  g>  as  the  figure 
represents  it ;  and  the  teeth,  which  wfll  be  then  four  times  more 
in  number,  to  have  about  3  in  the  inch.  Now  if  the  handle  HP 
be  7  inches  long,  the  circumference  of  this  radius  will  be  44 
inches,  which  is  the  distance  or  space  the  power  moves  through 
in  one  revolution  of  die  handle :  but  as  the  pinion  of  the  handle 
has  but  four  leaves,  and  the  wheel  q  suppose  20  teeth,  or  5  times 
Ike  number,  therefore  to  make  one  revolution  of  the  wheel  q^ 
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h  requires  5  tumi  of  the  handle,  n  which  case  it  passes  through 
S  times  44  or  220  inches :  but  the  wheel  having  a  pinion  R  of 
3  leaves,  these  will  raise  the  rack  3  teeth,  or  one  inch,  in  the 
aame  space.  Hence,  then,  the  handle  or  power  moving  220 
times  as  fast  as  the  weight,  %vill  raise  or  balance  a  weight  of  220 
times  its  own  energy*  And  if  this  be  the  hand  of  a  man  who 
can  sustain  50  pounds  weight,  he  will,  by  help  of  this  jack,  be 
able  to  raise,  or  sustain,  a  weight  or  force  of  1 1000  lb.  or  about 
5  tons  weight. 

This  machine  is  sometimes  open  behind  from  the  bottom 
almost  up  to  the  wheel  q,  to  let  the  lower  daw^  which  in  that 
case  is  turned  up  as  at  b,  draw  up  any  we^t  When  the  weight 
is  drawn  or  pushed  sufficiently  high,  it  is  kept  from  going  back 
by  hanging  me  end  of  the  hook  s,  fixed  to  a  staple,  over  tfao 
curved  part  of  the  handle  at  h. 

The  Society  of  Arts  rewarded  a  Mr.  Mocock,  of  Southwark, 
with  a  premium  of  20  guineas,  for  his  contrivance  to  prevent  a 
jack  from  taking  a  retrograde  course  whenever  the  weight  by 
any  accidental  cvcumstance  overbalances  tlie  power.  The  im- 
proved jack  only  diflfers  from  those  in  common  use  in  this  r^ 
spect,  that  it  has  a  pall  or  clock,  and  ratchet,  applied  in  such 
ttianner  as  to  stop  the  motion  of  the  machine  as  soon  as  it  begins 
to  run  back  agam.  As  the  difference  in  the  mechanism  is  very 
trifling,  the  improvement  may  be  easily  applied  to  any  common 
jacks  already  made.  . 

Jack  is  also  the  name  of  a  welUmown  engine  in  the  kitchen, 
used  for  turning  a  spit.  Hece  the  weight  is  the  power  applied, 
acting  by  a  set  of  pulleys ;  the  Aiction  of  the  parts,  and  the 
Weight  with  which  the  spit  is  chared,  are  the  forces  to  be  over- 
come ;  and  a  steady  uniform  motion  is  maintained  by  means  of 
a  fly. 

The  common  worm-jack  b  represented  at  fig.  2.  pi.  XIL 
ABC  is  the  barrel  round  which  the  cord  QB  u  wound:  kl 
the  main  wheel,  commonly  containing  60  teeth,  n  the  worm 
wheel  of  about  30  teeth,  cut  obliquely,  lm  the  pinion,  of 
about  15.  o  the  worm  or  endless  screw,  consisting  of  two 
spiral  threads,*  making  an  angle  of  60  or  70  degress  with  its 
axis.  X  the  stud,  and  z  tlie  loop  of  the  worm  spindle,  p  a 
heavy  wheel,  or  fly,  connected  with  the  spindle  of  the  endless 
screw  to  make  the  motion  uniform,  do  the  struck  wheel 
fixed  to  the  axis  fd.  s,  s,  s,  are  holes  in  the  frame,  by  which 
it  may  be  nailed  to  a  board,  and  thence  to  any  wall,  the  end  d 
))eing  permitted  to  pass  tlirough  it.  Hi  the  handle  going  upon 
the  axis  £T,  to  wind  up  the  weight  when  it  has  run  down,  r 
is  a  box  of  fixed  pulleys,  and  v  a  corresponding  one  of  moveable 
pulleys  carrying  the  weight.     Xhe  axis  bt  is  fixed  in  the  barrel 
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AC|  which  9Dm  being  hollow^  both  it  and  the  barrel  ti|m  rouKf 
upon  the  axis  ny,  ivhich  is  fixed  to  the  wheel  kl,  when  it  (urn* 
in  the  order  bta  ;  but  cannot  turn  the  contrary  waj,  by  reasoii 
tf  a  catch  nailed  lo  the  end  ab,  which  kys  hold  of  die  cross^ 
bars  in  the  wheel  lk. 

The  weight,  by  means  of  the  cord  qu,  in  consequence  of  its 
descent,  carries  about  the  barrel  ab,  which  by  the  action  of 
Ibe  caleh  carries  the  wheel  kl,  and  this  moves  the  pinion  lbc 
and  wheel  n,  the  latter  moving  the  worm  o  and  the  fly  p. 
Also  the  wheel  lbc  carries  the  axb  fp  with  the  wheel  DC, 
which  carries  the  cord  or  chain  that  goes  about  the  wheel  or 
pulley  at  the  bead  of  the  spit.  But  when  the  handle  h  gives 
notion  to  the  axis  in  a  contrary  direction  to  that  given  by  the 
Wi^ht,  the  catch  is  depressed ;  so  that  although  the  barrel  bc 
moves  and  winds  the  cord  upon  it,  the  wheel  dg  continues  at 
last  The  time  which  the  jack  will  continue  in  motion  de- 
pends upon  the  number  of  pnHeys  at  r  and  v :  and  as  thes^ 
increase  or  decrease,  so  mnst  the  weight  which  communicatea 
the  motion,  in  order  to  perform  the  same  work  in  the  same 
time. 

Smokb-JACK  is  an  engine  used  for  the  same  purpose  as 
the  common  jack ;  and  is  so  called  from  its  bmng  moved  bj 
means  of  the  smoke,  or  rarefied  air,  ascending  the  chimney,  and 
striking  against  the  sails  of  the  horizontal  wheel  AB  (plate  XIL 
fig.  1.),  which  being  inclined  to  the  horizon,  is  mov^  about  the 
axis  of  the  wheels  together  with  the  pinion  c,  which  carries  the 
wheels  d  and  E ;  and  £  carries  die  chain  f,  which  turns  the  spit. 
The  wheel  ab  should  be  placed  in  the  narrow  part  of  the 
chimney,  where  the  motion  of  the  smoke  is  swiftest,  and  where 
also  the  greatest  part  of  it  must  strike  upon  the  sails. — ^The 
force  of  thb  machme  depends  upon  the  draught  of  die  chimney, 
and  the  strength  of  the  fire. 

Smoke-jacks  are  sometimes  moved  by  means  of  spiral  fiyer^ 
coiling  about  a  vertical  axle  5  and  at  odier  times  by  a  vertical 
wheel  with  sails  like  the  float4>oards  of  a  mill :  but  the  above 
is  the  more  customary  construction. 

JOINT,  UNIVERSAL.  See  the  introductory  part  of  this  vo* 
lume. 

KNEADING-MILL,  is  a  contrivance  by  which  large 
quantities  of  flour  may  be  mixed  and  incorporated  into  dough. 

In  many  places  bakers  follow  the  disgusting  practice  of  knead- 
ing the  dough  with  their  bare  feet :  and  in  otheiathe  business  » 
eflFected  by  a  wooden  implement,  being  a  lever;  which,  fas- 
tened at  one  end  by  a  moveable  hinge,  is  worked  up  and  down 
so  as  to  press  and  knead  the  dough.  But  the  machine  we  are 
about  to  describe  b  far  preferable,  as  it  will  knead  the  dough 
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ttfj  eoitipletelf^  wilh  a  great  saving  of  tiiAe  and  Ubo«r.  It  h 
oaed  at  tlie  public  bald^bouses  of  Genoa,  and  was  first  de- 
scribed m  the  jbti  della  Societa  Patrioiica  di  MilMno,  vol.  li. 
Ay  in  fig.  4.  pi.  XVIII.  b  a  frame  of  wood  which  supports 
ihe  axis  of  the  machine  :  a  wall  14  palms  high  from  the  grouad 
nay  be  made  use  of  iottead  of  this  frame,  b  a  wall,  three 
|>alm8  and  a  half  thick,  throush  which  the  aforesaid  axis  passes, 
c  another  wall  similar  to  the  former,  and  facing  it,  at  the 
distance  of  21  pahms.  9,  the  axis,  thirty  palms  in  leAgth,  and 
pot  pdm  and  oiie**third  in  thickness.  B  the  great  wheel,  fixed 
jto  the  said  axis,  between  the  frame  and  the  wall ;  its  diameter 
is  28  palnis ;  and  its  breadth,  which  is  capaUe  of  holding  two 
men  occasionally,  is  five  palms,  f,  are  steps,  by  treadbg  on 
Miich  the  men  turn  the  wheel  very  smartly;  they  are  two 

Elms  distant  from  each  other,  and  one  third  of  a  palm  ia 
ight.  G,  a  small  wheel  with  cogs,  fixed  almost  at  the  further 
extremity  of  the  axis :  its  diameter  is  12|  palms.  H  a  beam  of 
wood  which  extends  from  one  wail  to  the  other;  being  21 
pafant  in  length,  and  one  and  a  third  in  thickness.  A  similar 
peam,  not  seen  in  die  figore,  is  on  the  opposite  side  of  the  axis. 
i,  a  transverse  piece  of  wood,  placed  near  the  wall  c ;  it  is  fixed 
mto  the  two  beams,  and  serves  to  support  the  further  Extremity 
of  the  axis :  its  length  is  14  palms,  and  its  thickness  one  and  a 
third :  there  is  likewise  a  transverse  piece  (which  cannot  be  seen 
in  the  figure)  I4palms  long,  and  half  a  palm  thick,  placed  close 
lo  the  waU  B.  k  is  a  strong  curved  piece  of  oak,  fixed  trans- 
ipersely  in  jdie  sidebeams  h,  to  receive  the  axis  of  the  trundle : 
Its  length  is  l4  palms,  and  its  thickness  1|.  l  is  a  tnni«> 
cBe  of  5i  palms  in  diameter,  aad  \\  in  height,  which  is  moved 
by  the  cogged-wheel  o.  m  is  an  axis  proceeding  from  the 
trundle  l,  and  contimied  through  the  cross  n  to  the  bottom  of 
the  tub  V ;  its  centre  is  made  of  iron,  partly  square  and  partly 
loond^  and  it  turns  in  a  socket  of  brass.  The  first  part  of  this 
iuus  between' the  trundle  l  and  the  cross  N  is  of  sf^uare  iron, 
amrrounded  by  two  pieces  of  wood,  held  togedier  by  iron  hoops, 
which  may  be  removed  at  pleasure  to  examine  the  iron  mthln ; 
kt  loigdi  is  3  palms,  its  diameler  about  1  palm.  The  second 
jpart  of  die  axis  which  is  within  the  tube,  is  made  like  the  first 
part:  its.  height  is  H  palm,  its  diameter  1^  The  wooden 
aheadi  of  this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub, 
hf  inevBs  of  three  screws  vrith  their  nuts.  TIhs  axis  is  dntant 
oaellBrd  of  a  pahn  from  the  nearest  triangular  bettier  of  die 
cross.  N  Ae  cross,  formed  of  two  bars  of  wood  unequally  di- 
vided, so  that  the  four  arms  of  the  evoss  are  of  difibrent  lengdis : 
eae«d^the  two  pieces  of  wood  of  which  the  cross  is  made,  is  6 
ffkm  in  kogth,  die  other  5 :  dieir  tbiekness  »  A  of  a  pafan, 
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and  thdr  bresdlli  1  paltn.  o,  four  pieces  of  wood»  caHecl 
beater$j  of  a  triangular  shape,  fixed  vertically  into  the  e^ctremi* 
ties  of,  and  underaeathy  the  arms  of  the  fore^mentioned  cross  r 
thej  are  1^  p^lms  in  length,  and  half  a  palm  in  thickness ;  and 
beat  or  knead  the  dough  in  the  tub  at  unequal  distances  front 
the  centre,  f  is  a  stout  wooden  tub,  about  a  quarter  of  a  palna 
thick,  well  hooped  with  iron :  its  diameter  is  6  palms,  its  height 
li  in  the  dear. 

Fig.  5.  is  a  box  or  trough  of  wood,  4  palms  long,  and  S  wide, 
in  which  the  leaven  is  formed  (in  about  an  hour)  in  a  stove,  and 
an  which  it  is  afterwards  carried  to  the  tub  p. 

Fig.  6.  exhibits  a  view  of  tlie  trundle,  cross,  8cc.  with  a  section 
of  the  tub. 

Fig.  7.  is  a  bird's-eye  .view  of  the  cross  and  tub,  with  the  upper 
ends  of  the  triangular  beaters. 

^  This  tub,  p,  w^  contain  ISrubbi  (about  19  bushels)  of  flour, 
which  is  carried  to  it  in  barrels :  the  leaven  is  then  carried  to  it 
in  the  box  or  trough,  fig.  6»  and  when  the  \\\ko\e  is  tempered 
with  a  proper  quantity  of  wurm  wator,  the  men  work  in  the 
wheel  till  the  dough  is  properly  and  completely  kneaded.  In 
general  a  quarter  of  an  hour  is  sufficient  to  make  very  good 
dough ;  but  an  experienced  baker  who  superintends,  determines 
that  the  operation  shall  be  continued  a  few  minutes  more  or  less, 
according  to  circumstances. 

The  measures  in  the  preceding  description  are  given  in 
Genoese  palms,  each  of  which  is  very  nearly  equal  to  9''85  of 
our  inches.  The  machinery  may  be  varied  in  its  constnictioo 
according  to  circumstances,  and  the  energy  of  the  first 
mover  much  better  applied  than  l^y  o^en  walking  in  a  common 
wheel. 

>  LATHE,  a  very  useful  engine  for  the  turning  of  wood,  ivory, 
metals,  and  other  materials.  The  invention  of  the  lathe  is  very 
ancient :  Diodonis  Siculus  says,  the  first  who  used  it  was  a 
grandson  of  Dsedalus,  named  Talus.  Pliny  ascribes  it  to  Tbeo-' 
dore  of  Samoa ;  and  mention^  one  Thericles,  who  rendered  him- 
self very  famous  by  his  dexterity  in  managing  ^  lathe.  With 
this  instrument  the  ancients  turned  all  kinds  of  vases,  rnany^ 
whereof  they  enriched  with  figures  and  ornaments  in  bassq 
relievo.  Thus  Virgil:  'f  Lenta quibuitornofacili  superaddiki 
vitiB." 

The  Greek  and  .Latin  authors  make  frequent  mention  of  the 
lathe ;  and  Cicero  calls  the  workmen  who  used  it  vasculariL 
It  was  a  proverb  aimong  the  ancients,  to  say  a  thing  was  formed 
in  the  lathe,  to  express  its  delicacy  and  justness. 

The  common  lathe  is  composed  of  two  wooden  chedbs  o^ 
sides,  paraUel  to  the  horizooy  having  a  groove  or  opening  bo) 
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jl^wieeii :  perpendicular  to  diese  are  tivo  otb^r  pieces  called /ii/p^ 
pets^  made  to  slide  betweeo  the  cheeks,  and  to  be  fixed  down  at 
/my  pomt  at  pleasure.  These  have  two  points^  between  which 
the  piece  to  be  turned  is  sustained :  the  piece  is  turned  round 
-backwards  and  forwards  by  means  of  a  string  put  round  it,  and 
fastened  above  to  the  end  of  a  pliable  pole,  and  underneath  to  a 
jtredle  or  board  moved  with  the  foot.  There  is  also  a  rest  which 
bears  up  the  tool,  and  keeps  it  steady.  But  the  most  ingenious 
lathes  now  constructed  are  different  from  the  above :  we  shall 
describe  them  under  the  article  torking. 

LENS  GRINDING  MACHINES,  have  been  invented  of  many 
different  kinda;  but,  since  it  has  been  admitted  that,  on  th^ 
Iwhole,  spherical  lenses  are  the  most  practically  useful,  the  con^ 
Btrnction  of  lens-grinders  has  becomecomparativelysimple.  One 
of  die  best  we  have  seen  was  invented  by  Mr.  Sam.  Jenkins^ 
and  described  in  No.  459.  vol.xti.  of  the  Phil.  Transac.  It  i^ 
contrived  to  turn  a  sphere  at  one  and  the  same  time  on  two  axes, 
cutting  each  other  at  right  angles,  and  will  produce  the  segment 
of  a  true  sphere  merely  by  turning  round  the  wheels,  without 
any  care  or  skill  of  the  workmen,  a  (fig.  1 .  pi.  XK.)  is  a  globe 
covered  with  cement,  in  which  are  fixed  the  piieces  of  glass  to 
be  ground :  this  globe  is  fastened  to  the  axis,  and  turns  with  the 
whed  B.  c  i?  the  brass  cup  which  polishes  the  glass;  this  is 
fiistened  to  the  axis,  and  turns  with  the  wheel  D.  The  motion 
pf  the  cup  c,  therefore,  is  at  right  angles  to  the  motion  of  the 
globe  A ;  whence  it  follows,  demonstrably,  that  the  pieces  of 
glass  ground  by  this  double  motion  must  be  formed  into  the 
Begments  of  spheres. 

The  LE  V£R,  treated  as  one  of  the  mechanical  powers,  felt 
under  our  notice  in  book  I.  ch.  iii.  vol.  I.  where  the  theory  oT 
|he  various  kinds  of  levers,  whether  straight  or  bent,  was  lai^ 
down.  Our  presaat  object  is  to  descrit>e  a  combination  of  the 
lever  with  the  axis  in  peritrochio,  by  means  of  which  the  reci- 
procating motion  of  the  lever  is  made  useful  in  giving  a  conti- 
nued rectilinear  motion  td  a  heavy  body,  without  dhatiging  the 
situation  of'  the  fukrutn  of  the  lever.  This  contrivance  is  de- 
scribed by  Beiidor  (Archit.  Hydraul.  tom.  I.)  under  the  name 
oflelevierdi  la  Gairoui^e^  and  is  generally  called  in  England  the 
universal  lev€r.  '  fgh  (fig.  2.  pi.  XX.)  is  a  straight  lever,  whose 
centre  of  motion  is  g  :  on  its  extremity  f,  hang  two  bars  fd, 
FE,  the  former  of  which  has  a  hook  to  catch  into  the  teeth  ef 
the  wheel  ▲€]>,  and  the  latter  has  its  end  slightly  bent,  so  as  to 
slide  over  the  outer  parts  of  those  teedi.  The  axle  a  has  a 
cord  wound  about  it,  to  the  lower  end  of  which  is  attached 
^  weight  w.  Now  suppose- the  end  h  of  the  lever  raised 
from  u  by  i,  while  the  other  end  descends •  from  f  to  b  ;'t|ie 
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bar  FB'  will  tfaeo  pash  4be  peiat  B  of  di6  ^liedl  froin  B  to  e, 
Dvhile  tbe  hook  D  slides  over  an  ^qiial  space  od  the  other  side 
of  the  wheel.  After  this,  on  tike  €ftid  h  of  the  lever  beiiq; 
brought  down  again  by  i  to  h^  tbe  end  f  ascends  through  up, 
and  the  hook  D  raises  up  the  left  band  side  of  the  whe^l 
through  a  space  equal  to  EC.  Thus  the  reciprocating  motion 
of  the  lever  is  made  to  commoiucate  a  continued  retatoiy 
motion  to  the  wheel,  and  consequently  to  raise  the  weight  W 
suspended  from  its  axle  by  the  cord.  Here  tbe  ad\'flnta^ 
pained,  neglecting  friction  and  tbe  stiffness  of  the  cord,  wiU  be 
vinthe  ratio  compounded  of  the  ratio  of  no  lo  qf,  and  the  ratio 
of  tbe  radius  of  tbe>vbeel  to  that  of  tbe  axle.  Thus  if  hq 
were  10  times  gf,  and  the  radius  of  the  wheel  10  times  that  of 
tbe  axle,  the  power  would  then  be  to  the  w^bt  raised  neariy  a^ 
1  to  100. 

This  machine  has  been  advantageously  applied  in  drawing 
heavy  loads  aloi^  a  plane  nearly  horizontal :  in  that  case,  the 
cord  has  been  carried  from  a  in  nearly  an  horizontal  direcdoBi 
passed  round  a  puUey  j>,  attached  to  the  load  w  or  its  carriage, 
and  its  end  fixed  to  a  post  as  at  a,  or  perhaps  to  the  frame  of 
the  wheel  and  axle.  The  pulley,  it  Ls  obvious,  almost  doubles 
the  advantage  of  the  power ;  and  since  tbe  force  to  be  overcome 
when  once  the  system  is  put  in  motion  is  not  equivalent  to  the 
whole  load  tr,  but  merely  to  tbe  friction,  and  the  rigidity  of  the 
rope,  a  very  great  weight  may  be  moved  in  this  manner  by  $ 
comparatively  small  power.  If  the  lever  have  another  arm  to 
the  left  of  o  (as  it  appears  in  the  figure)  equal  to  gh,  a  man 
may  then  work  at  each  end,  either  by  pressing  upon  it  or  by 
pulling  downwards  with  a  cord;  and  thus  the  labourers  ^iil 
alternately  relie\e  each  odier.  Sometimes  a  heart- wheel  haip 
been  combined  with  this  universal  lever :  but  it  is  not,  we  ihink, 
a  combination  to  be  recommended  in  practice. 

If  the  centre  of  motion  g  were  vertically  above  tbe  centre  of 
the  wheel,  and  if  another  bar  and  book  similar  and  equal  in 
length  to  FD  huDg  from  the  point y^o  being  equal  to  gf  ;  th^e 
two  hooks  would  then  catch  alternately  into  the  teeth  on  the 
rising  side  of  the  wheel,  and  thus  produce  tbe  coiltiiHied  rota^ 
tory  motion :  but  this  construction  has  a  practical  disadvantage ; 
for  when  botli  bars  work  on  the  same  side  of  the  wheel,  thej 
will  be  in  great  danger  of  catching  together  and  impeding  each 
other's  motions. 

Universal  levers  have  long  been  introduced  into  sew-nuils,  for 
the  purpose  of  drawing  along  the  logs  to  be  sawn.     See  sAWr 

MILL,  also  PIPE-BOBBR. 

LIFT  TBNTER.    See  Goyernob. 
UNT-MILU    See  Flax-milu 
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LOADING  AND  UNLOADING  UACHiNE,  an  invention  of 
Mr.  G.  Davis,  of  Windsor,  for  the  purpose  of  removing  pon- 
derous substances  to  or  from  waggons,  8cc.  with  safety  and  con- 
venience. This  portable  machine  is  represented  in  fig.  6.  pi.  XV, 
where  a  is  the  winch  turning  the  bar  n,  on  w^ich  are  two  end- 
less screws,  or  worms  cc,  that  work  in  the  toothed  wheels  dd. 
Hiese  wheels  are  fixed  to  the  barrels  t:  e,  round  which  the  ropes 
FF  coil,  wind  up,  or  let  out  the  same  occasionally:  the^  ropes 
pass  over  the  pulleys  gg  ;  are  brought  round  ;  and  their  ends, 
being  furnished  with  books  for  that  purpose,  are  hitched  into 
staples  fixed  to  the  front  of  the  cart,  or  other  carriage.  Within 
these  ropes,  the  load  h  is  placed  on  a  common  step-ladder  i, 
that  forms  an  inclined  plane,  up  which,  by  turning  the  winch, 
the  ropes  are  wound  upon  the  barrels ;  and  thus  the  load  is 
raised  into  the  carriage. 

KK,  the  frame,'  intended  to  shew  the  part  of  the  cart,  or 
other  carriage,  on  which  the  machine  is  to  be  occasionally 
placed. 

The  whole  of  the  barrels  and  cogged  wheels  are  contained  in 
an  iron  box  l  ;  the  sides  of  which  are  represented  in  the  plate,  as 
taken  off,  in  order  that  the  arrangement  of  the  different  parts 
may  be  better  conceived. 

llie  pulleys  on  the  stage  (go)  may,  m  most  cases,  be  affixed 
to  the  machine  itself;  which  is  adapted  to  every  direction^  and 
will  suit  GajK*iages  of  every  construction. 

The  model  corresponding  to  the  present  engraving  is  made  on 
the  scale  of  about  four  inches  to  a  foot ;  and  the  inventor  states, 
that  it  will  raise  upwards  of  five  cwt. — He  is  therefore  confi- 
dent, that  hb  machine,  when  constructed  of  its  intended  size^ 
will  be  capable  of  loading  a  ton  weight  by  one  man  only ;  and 
that,  even  upon  this  enlarged  plan,  it  does  not  exceed  ll2lb.  in 
weight. 

The  Society  of  Arts  in  1797  awarded  40  guineas  to  Mr. 
Davis,  for  this  useful  invention. 

LOCK,  a  well-known  instrument  used  for  fastening  doors« 
chests,  &.C.  generally  opened  by  a  key.  The  lock  b  reckoned 
the  master-piece  in  smithery ;  a  great  deal  of  art  and  delicacy 
being  required  in  contriving  and  varying  the  wards,  springs, 
bolts^Scc.  and  adjusting  them  to  die  places  where  ihey  are  to  be 
used,  and  to  the  several  occasions  of  using  them.  From  the 
various  structure  of  locks,  accommodated  to  their  diffierent  in-^ 
tentions,  they  acquire  various  names.  Those  placed  on  outer 
doors  are  called  stock-locks ;  those  on  chamber-doors,  spring- ^ 
locks;  those  on  trunks,  trunk-locks^  padlocks^  &c. — Of  these  the 
spring-lock  is  the*  most  considerable,  both  for  its  frequency  and 
the  curiosity  of  its  structure.     Its  prmcipal  parts  are,  the  main- 
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platCi  the  cover-plate,  and  the  pin-hole ;  to  the  main-plate  befoog 
the  key-hole,  top-hook,  cross-wards,  bolt-toe  or  boh-knab,  drair^ 
back-spring  tumbler,  pin  of  the  tumbler,  and  the  staples ;  to  die 
coTer-plate  belong  the  pin,  main-ward,  cross-ward,  step-ward, 
or  dap-ward ;  to*  the  pin-hole  belong  the  hook-ward,  main  cross- 
ward,  shank,  the  pot  or  bread  bow-ward,  and  bit. 

The  principle  on  which  all  locks  depend  is  the  application  of 
a  lerer  to  an  interior  bolt,  by  means  of  a  communication  from 
without ;  so  that,  by  means  of  the  latter,  the  lever  acts  upoQ 
the  bolt,  and  moves  it  in  such  a  manner  as  to  secure  the  Bd  or 
door  from  being  opened  by  any  pull  or  push  from  without.  Hie 
security  of  locks  in  general  therefore  depends  on  the  number  of 
impediments  we  can  interpose  betwixt  the  lever  (the  key)  and 
die  bolt  which  secures  the  door ;  and  these  impediments  are  well 
known  by  the  name  of  wards,  the  number  aud  intricacy  of 
which  alone  are  supposed  to  distinguish  a  good  lock  from  a  bad 
one.  If  these  wards,  however,  do  not  in  an  effectual  manner 
preclude  the  access  of  aU  other  instruments  besides  the  proper 
key,  it  is  still  possible  for  a  mechanic  of  equal  skill  witk  the  lock- 
maker  to  open  it  without  the  key,  and  dius  to  elude  the  labour 
of  the  ortier. 

The  excellence  of  locks  consists  in  die  security  they  afford  ; 
and  as  numberless  schemes  are  continually  brought  tbrward  bj 
designing  men,  to  "ielude  every  contrivance  of  the  most  inge- 
nious mechanics,  the  inventbn  of  a  durable  lock,  so  constructed 
as  to  render  it  impossible  for  ahy  person  to  open  it  without  its 
proper  key,  has  ever  been  an  object  of  considerable  importance. 

In  the  year  1784  the  Society  for  the  Encouragement  rf  Arts, 
&c.  conferred  their  silver  medal  on  Mr.  Taylor,  of  Petworth, 
for  hb  improvement  on  the  latch  or  spring-bolts  of  commoo 
locks.  This  is  effected  by  simply  reversing  die  tumbler,  so  that 
its  curved  side  acts  against  two  stubs  fixed  on  the  tail  of  the  lalcb, 
and  thrusts  hack  the  latter  with  ease;  whether  the  knob  be 
turned  to  the  right  or  to  the  left^  when  the  lock  is  opened. 
Mr.  Taylor  has  also  behind  the  tail  of  the  latch  fixed  a  guide 
containing  a  groove,  in  which  runs  a  svobII  frictioH-'Ofheei,  diat 
;ierve8  to  keep  the  latch  in  its  direct  situation,  and  at  the  same 
time  to  diminish  its  fricUon  :  the  arms  of  his  tumbler  are  some- 
what contracted,  in  order  that  the  latch  or  spring-bolt  may  move 
with  greater  facility.  By  this  construction,  the  parts  of  die 
tumbler  and  latch,  which  are  in  contact,  move  in  a  line,  so  diat 
they  pass  over  the  greatest  space,  under  the  smaHest  angle ;  aftd 
the  lock  itself  may  be  constantly  used  for  several  years  widiout 
reauiring  the  application  of  oil. 

Various  patents  have  been  obtained  for  the  construction'  bf 
locks^  so  as  to  prevent  the  possibility  of  picking  diem :  thp  Jirin-' 
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cipal  of  these  is  Mr.  BraBiah^  registered  m  1 7S4 ;  wad  Mr. 
Speaurs's,  in  17d>5^  but  as  the  account  of  tboae  iiiTentioiis 
would  be  uninteHigible  without  the  aid  of  several  eagmvingfiy 
iWe  curieos  *  reader  will  consult  the  5lk  and  9th  vols,  of  the 
R€periory  of  ArU  and  Manufkehneg,  where  they  are  nuputeiy 
specified. 

MANGLE,  a  viduaUe  domestic  oMichiney  employed  for  the 
purpose  of  smoothing  such  Kaeo  as  cannot  be  caaveBiendy 
ironed. 

Varioas  patents  have  been  granted  for  inprovemeats  in  Ibia 
nachinery :  but,  as  many  of  them  are  too  complicated  to  be 
understood  without  very  tedious  details,  we  have  annexed  the, 
figures  in  pi.  XII.  representing  an  improved  mangle  contrived 
by  Mr.  Jee^  of  Rotherham ;  to  whom  the  Society  for  Ae  En«>.. 
conragement  of  Arts,  8cc.  iii  179^,  voted  dieir  silver  medal,  for 
tlie  ingenuity  displayed  on  that  occasion. 

The  following  is  a  description  of  Mr.  Jee's  improved  roaD|(le : 

A  (fig.  S.)  points  out  the  great  wheel,  which,  in  maduues 
of  a  full  size,  is  15  iiKhes  in  diameter,  b,  the  arbor,  ou  which 
the  nut,  c,  is  fiaed.  d,  the  handle  of  the  winch,  e,  the  cranky 
21  inches  in  length,  f,  the  rod  of  the  crank,  go,  represemts 
the  hollow  studs,  by  which  the  ends  of  tho  bed  are  lifted  tip, 
iiB,  the  levers,  itir,  the  four  pulleys  fixed  on  the  moveable  bed 
R.     LL,  the  eads  of  the  rollers. 

Fig.  6.  represents  a  front  view  of  one  of  the  hollow  studs 
o,  to  shew  its  form,  when  standing  at  the  end  of  the  bed ; 
and.  into  which  the  levers  enter  alternately,  as  often  as  it  be- 
comes necessary  to  elevate  the  bed,  in  order  to  put  in,  or  take 
out,  tke  rollers. 

Mr.  Jee's  mangle  is  so  constructed,  that  the  handle  requires 
to  be  ttnmed  one  way  only,  in  conseqtience  of  which  the  ma<^ 
chine  moves  with  greater  facility,  and  virith  incomparably  less 
iiifury  to  the  linen,  than  by  varying  the  turnings,  and  in  a  man- 
ner cutting  the  different  folds.  Besides,  it  possesses  the  great 
advantage,  that  a  woman  and  one  boy  are  sufficient  to  work  it, 
and  can  perform  as  much  labour  in  the  same  period  of  time 
as  three  or  four  persons  with  mangles  of  the  common  construe- 
tiom 

Mr.  J.  S.  IforrtVs  patent  mangle  (specificatioiE  dated  Feb. 
1§0S),  being  compact  and  moderately  ^mple,  may  here  be 
deseribed. 

This  mangle  is  constituted  of  four  horizontal  rollers,  the  pi- 
vots of  whidi  play  on  stiitable  supports  in  a  stout  wooden  frame 
put  together  with  bed-screws.  To  avoid  circumlocution,  we 
shall  denote  these  four  rollers  by  the  letters  a,  q,  c,  d.  The 
t#a  lollen  A  and  b,  yAiaiit  axlea  bear  on  brass  or  iron,  let  into 
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the  M'ooden  frame,  are  posited  side  by  side,  but  not  so  as  to  touch « 
c  is  a  moveable  roller,  about  which^  the  linen  or  cloth  to  be 
mangled  is  rolled,  and  it  is  then  placed  upon  the  rollers  a  and 
B,  so  as  to  lie  in  part  between  them.  The  axis  of  the  fourth 
roller  d  works  in  pieces  of  brass  or  iron,  which  slide  between 
two  other  pieces  of  metal,  so  that  this  roller  n  admits  of  eleva- 
tion and  depression,  by  means  of  a  lever  woricin^  upon  a  hori- 
zontal shaft  (at  the  top  of  the  frame),  and  chams  of  suspen* 
sion.  The  pieces  of  metal  in  which  the  axle  of  the  roller  d  runs 
have  long  vertical  pieces  of  iron  attached  to  them,  so  as  to  reach 
below  all  die  rollers ;  and  to  hooks  at  the  lower  extremities  of 
these  irons  are  hung  chains  carrying  either  a  rectangular  plat- 
form loaded  with  weights,  or  a  rectangular  box  containing 
stones  or  other  ponderous  matter. 

In  using  this  machine,  the  lever  b  pressed  down  and  fastened 
by  a  hook  ;  by  this  process  the  roller  d,  and  platform  below  all, 
is  elevatf  d  ;  then  the  linen  to  be  smoothed  is  wrapped  about  the 
roller  c,  which  is  next  laid  to  rest  between  the  rollers  ▲  and  b, 
1  he  lever  is  then  freed  from  the  hook  which  kept  it  down,  and 
the  action  of  the  ponderous  matter  on  the  platform  brings  the 
roller  D  into  contact  with  the  roller  c :  in  this  state  a  rotatory 
motion  is  applied  to  "all  the  rollers  by  means  of  a  winch  fixed 
to  the  axle  of  d  ;  and  in  a  short  time  the  pressure  of  the  roller 
c,  against  a,  b,  and  d,  will  give  the  requisite  smoothness  to  the 
linen. 

TJe  patentee  says,  this  machine  will  act  best  with  a  wheel  on 
the  axis  of  each  of  the  cylinders  a  and  B,  and  a  pinion  between 
them,  with  a  fly-wheel  on  the  axle  of  the  pinion,  to  which  mo- 
tion being  given,  all  inequalities  of  pressure  will  be  conquered 
with  great  ease.  This  nKichine  is  not  confined  to  man^ng  only„ 
but  may  be  used  with  success  as  a  copper-plate  printing  press, 
a  letter-copying  machine,  8lc^    (Retrospect^  No.  15.) 

The  machine  at  MARLY,  being  so  much  celebrated^  on  ac- 
count of  its  magnificence  and  the  multiplicity  of  its  parts,  we  , 
shatl  here  give  some  account  of  it,  with  a  few  remarks  upon  its 
construction. 

This  machine,  which  was  erected  by  one  Rannequin,  of  Ae 
country  of  Liege,  and  began  to  work  in  16S2,  is  situated  be-. 
i«een  Marly  and  the  village  de  la  Chaussie:  in  that  place  the 
river  is  barred  up,  partly  by  the  machine  and  partly  by  a  dam 
which  keeps  up  the  water ;  bUt  that  thri  navigation  may  not 
be  internipted,  two  leagues  above  Marly  a  canal  has  been  cut 
for  the  passage  of  boats  and  barges :  there  has  also  been  erect* 
ed  (about  30  fathoms  from  the  machine)  a  contrivance  called 
an  ice-breaker,  to  ))revent  floating  pieces  of  ice  or  timber  which 
come  down  the  stream  from  damaging  the  machine ;  and  the 
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4>ietter  to  secure  the  penstocks  and  the  channels  in  which  the 
-wheels  move,  there  is  a  grate  of  timber  to  stop  whatever  may 
come  through  the  ice-breaker. 

The  water  is  raised  to  its  destined  height  by  means  of  14 
wheels  which  serve  to  work  the  pmnps,  by  three  different  stages: 
Arst,  from  the  river  to  a  reservoir,  at  the  elevation  of  160 
English  feet  above  the  level  of  the  Seine ;  then  to  a  second  re- 
servoir, 346  feet  higher;  and  from  the  latter  to  the -summit  of  a 
tower  rather  more  than  533  feet  above  the  river. 

The  breadth  of  the  machine  comprehends  14  jets,  or  water- 
. courses,  shut  by  .sluices  or  penstocks,  which  are  raised  and 
depressed  by  radcs;  and  in  each  of  these  jets  is  placed  a  whe^^lr 
these  wheels  are  disposed  on  three  fines;  in  the  first,  on  the 
'side  which  points  up  the  stream  there  are  sevens  six  in  the 
second,  and  only  one  in  the  third. 

The  enib  of  the  axle  of  each  wheel  go  beyond  their  bearing- 
pieces,  and  are  bent  into  a  crank,  which  makes  a  lever  of  two 
feet ;  and  it  is  to  be  observed,  that  the  crank  which  is  towaids  the 
jBountaiu  sucks  and  lifts  up  the  water  of  the  river,  to  drive  it 
into  the  first  cistern,  and  the  other  crank  gives  motion  to  die 
;t>alances. 

Six  of  the  wheels  on  the  first  line  ^ve  motion  by  one  of  their 
xranks  to  van  engine  of  eight  pumps,  rwitbout  dieckoning  the 
ieeder:  these  engines  are  compounded  of  a  regulator,  at  each 
end  of  Aft  hich  hangs  a  square  piece  of  wood,  that  carries  and 
directs  four  pistons ;  the  iregulator  is  put  in  motion  by  two  beams 
or  leaders,  oue  of  which  lying  along  answers  to  the  crank  of  the 
wheel  and  a  vertical  regulator,  and  the  other  hanging  down  is 
united  to  the  same  regulator  and  to  the  balance. 

.Of  the  six  wheels  we  have  mentioned,  there  are  five  which  by 
their  other  crank  give  motion  to  die  pumps  that  work  in  the 
cistern  of  the  first  lift,  by  means  of  horizontal  levers  and  chains 
tbat  communicate  the  motion.  The  sixth  wheel,  which  is  the 
first  towards  the  dam,  moves  a  long  chain  that  works  the  pumps 
of  one  of  tlie  wells  of  the  u^er  cistern,  which  is  called  the 
cistern  of  the  great  cheoalets.  Each  of  the  cranks  of  the  seventh 
wheel  of  the  first  line  moves«a  chain  which  goes  to  the  first 
cistern. 

The  six  wbeels  of  the  second  line  move,  by  each  of  their 
cranks,  a  chain  that  goes  to  the  upper  cistern,  which  (reckoning 
the  chain  that  comes  from  the  sixth  wheel  of  the  first  line) 
makes  13  chains.  These  chains  go  over  one  of  .the  cisterns  of 
the  first  lift;  and  five  of  them  at  the  same  time  give  motion  to 
the  pistons  of  thirty  pumps,  whilst  the  other  chains  go  on  straight 
to  the  uppe^  cistern. 
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JjasAy,  the  wheel  which  is  on  the  tUr^  line,  by  each  4>f  its 
crankSy  work^  an  engme  of  eight  sacking  and  lifting  pumpa,  ami 
of  itself  supplies  one  conduit  pipe. 

The  seven  chains  of  the  wheels  of  the  first  line  in  going  along 
work  also  eipht  sticking  pumps  placed  a  little  below  the  cislem 
of  the  first  hft,  because  in  that  place  there  are  IJie  waters  of  a 
Considerable  spring  brcMtght  thither  by  an  aifiieduct;  and  these 
same  chains  take  tip  that  water  the  second  time  to  force  it  by 
49  pumps  into  the  upper  reservoir,  throogb  two  conduit  f^pes 
of  eight  inches,  and  three  others  of  ux  inches  cfiameter.  The 
thirty  pmnps  of  the  cistern  of  the  irst  lift  drive  their  water  abo 
through  two  pipes  of  eight  inches  diameter,  which  cairy  it  into 
the  upper  cistern. 

TKe  water  raised  at  the  two  cisterns  in  the  way  up  the  Uil 
discharges  itself  into  a  great  reservoir,  and  thence,  by  two  coa- 
duit  pipes  of  a  foot  diameter  each,  it  runs  into  reservoirs  ot 
•  communication  to  be  distributed  into  the  several  wells  or  little 
cisterns  of  the  upper  cistern,  whence  it  is  raised  by  82  pumps, 
through  6  conduit  pipes  of  S  inches  diameter,  np  into  the 
tower  which  answers  to  the  aqueduct 

The  eight  great  chains  tliat  go  straight  to  the  uppar  cistern, 
without  movin^^  any  engines  by  the  way,  work  16  pumps  bc- 
iuiid  the  upper  cistern,  to  bring  back  into  the  reservoir  of  tbe 
said  cistern  the  water  which  is  lost  out  of  the  six  pipes  that  go 
to  the  tower.        .         » 

The  eight  engines  vi4iich  suck  and  lift  the  water  from  tbe 
river  contain  64  pumps:  the  two  cisterns  in  tbe  way  op  tliehUl 
together  contain  79  pumps,  and  the  upp^  cisterns  82,  to  which 
add'mg  the  sucking  pumps  called  feeders,  and  the  8  others  which 
are  below  the  midway  cistern,  and  besides  the  16  pumps  which 
we  meuliooed  as  placed  behind  the  upper  cistern,  tbe  machibe 
has  iu  ^11  953  pumps. 

Tlie  basin  of  the  tower  which  receives  the  vrater  raised  from 

the  river,  and  supplies  the  aqueduct,  is  6 10  fathoms  distaint 

'  fh>m  the  riven    '1  ne  water  having  nin  along  an  aqueduct  of  36 

an^es  is  separated  into  difiei^nt  conduits  which  lead  it  to 

Marly,  and  formeriy  conveyed  it  als6  to  Versailles  and  Trianon.' 

Such'  is  the  mechanism  of  the  machine  of  Marly.  Its  mean 
produce  is  from  30000  to  40000  giUons  of  water  per  hour. 
We  say  medn  piroduce,  becaiuse,  under  certain  favom-abk  cir- 
cumstances, it  raises  more  than  60000  g^lons  per  b<nir.  But 
during  inundations;  or  when  the  Seine  is  frdzen,  when  tiie  water 
is  very  low,  or  when  any  repairs  are  making,  the  machine  stops 
in  great  measure,  if  not  entirdy. 

The  akmual  expense  qf  the  machine,  indudiog  tbe  salaries 
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«f  tlioie  :whOMipmiitend  k,  aad  the  wages  of  tlie  workmtti 
^on^oyec^  together  with  repairs^  necesaary  articlesj^  &c.  may 
aaiottDt  to  about  S300/.  sterlkigy  or  9/.  per  day:  which  makes 
•bout  1  lafrthiug  for  90  gallons.  Or»  taking  into  the  accpimt 
the  ifit^est  of  3S3000/.  the  oHginal  e]^>eii9e  of  erection^  90 
gdll<Hi8  wiU  oost^  three  hal^ence,  which  is  at  the  rate  of  a  far* 
tfaiag  for  15  gallons.^ 

W  boever  has  an  opportunity  of  examining  this  machine,  or 
pauses  attentively  the  minute  account  of  it  given  by  Belidor  in 
his  second  volume,  will  be  convinced  that  Rannequin  was  an 
iBgeBious  practical  mechaoicy  but  no  mathematician  or  philoso- 
|dier.  la  several  positions  the  movijig  forces  act  unnecessarily 
pbliquely,  which  occasions  a  great  loss  of  pow^r^  and  renders 
Ike  machine  less  effectual  •  About  H  of  the  whole  moving  power 
of  some  of  the  water-wheels  are  empl6yed  in  giving  a  recipro- 
catkig  motion  to  a  set  of  rods  and  chains,  which  extend  from  the 
Mf  heM  to  the  cistern  nearly  three-fourths  of  a  mU  e  distant,  wher* 
tbey  work  a  set  of  pumps.  By  such  jinjudicious  construction,  this 
engine  is  no  less  a  monument  of  ignorance  than  of  magnifi- 


It  is  probable  Rannequin  thought  his  moving  force  would  not 
be  sufficient  to  raise  the  water  to  the  height  of  533  feet,  at 
Mice;  but  thi^  b  not  agreeable  to  theory:  for  a  proper  calcuk* 
Jtion  would  diew  that  the  force  of  one  crank  is  more  than  suffi- 
cient to  raisie  a  cylinder  of  water  of  that  altitude,  and  above  8 
inches  in  diameter.  To  effect  this  with  safety,  however,  the 
jKmstruction  of  the  machine  must  be  varied  in  several  respects^ 
3itieven  according  to  the  present  construction,  the  water  might 
he  raised  in  one  jet  to  the  second  reservoir.  This  is  manifeA 
from  two  experimeuts,  one.  made  in  1738  and  the  other  in  1715. 
Jm  the  first  M,  Camus  endeavoured  to  make  the  water  rise  in 
'  etae  iet  to  the  tower;  his  attempt  was  not  attended  with  success; 
4Nit  ne  foade  the  water  rise  to  the  foot  of  the  tower,  which  is 
coiisid^nably  higher  than  the  second  reservoir.  During  this 
«tperiaient  the  machine  was  prodigiously  strained,  and  it  was 
/ound  necessary  to  secure  some  parts  of  it  with  chains.  Thte 
4>biect  of  the  second  trial,  mode  m  1775,  was  to  raise  the  water 
rottlj  to  the  s^ond  welL  It  indeed  ascended  thither  at  different 
times,  knd  in  abundance:  but  the  pipes  w^re  exceedingly 
rstrained  at  the  bottom,  so  thai  several  of  them  burst;  and  it 
Wfis  Jiecessoiy  to  su^ieod  and  recommence  the  experiment 

*  This  IS  very  Cir  from  the  price  which  the  king  of  Denmirk  thottbt 
.  he  inight  set  on  this  water;  for  that  prince,  when  he  visited  Marly  in  tTWy 
being  astonished  at  the  immense  magnitude  of  the  machine,  the  multipli- 
city of  its  moremema,  and  the  numk>er  of  workmcB  it  emf^oyed,  conjtc* 
^ured  that  ihe  water  |>fohably  cost  at  much  at  wine. 
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several  times.  This  however  arose  from  die  age  of  the  tubes 
and  their  want  of  strength,  a  fault  which  might  easily  bate 
been  remedied.  Hence,  it  results  from  this  trials  that  the 
chains  which  proceed  from  the  river  to  the  first  well  might  be 
Oppressed,  together  with  the  first  well  itself:  and  this  perhaps 
is  all  that  is  to  be  expected  without  a  complete  change  in  the 
ii)achinery.* 

MILL,  properly  denotes  a  machine  for  grinding^  or  pul- 
verising substances,  as  com,  8cc.;  but,  in  a  more  general  sigiiir 
iication  is  now  applied  to  many  machines  whose  action  arises  in 
great  measure  from  a  circular  motion.  Of  these  there  are 
various  kinds  described  in  different  parts  of  this  volume,  as 
Bark-mtUf  Barker's-mill,  Flax-millf  Flour-mil/,  Foot^mill, 
Hand-mill^  Kneading-mill^  OiUmillj  Paper-mill,  Saw-fnUt, 
Tide-mill,  Water^miU,  (stc. 

As  a  well-constructed,  yet  cheap;  family-mill  cannot  but  be 
highly  useful  in  many  parts  of  the  country,  we  shall  here  pre- 
eent  a  description  of  the  EanUly-mill  and  Bolter  of  Mr.  T. 
Rustall,  of  Purbrook-heath,  near  Portsmouth,  who  received  a 
premium  of  40  guineas  from  the  Society  of  Arts  for  his  invent 
tion.f 

In  pi.  XX.  fig.  4.  A,  is  the  handle  of  the  mill ;  b,  one  of  the 
mill-stones,  which  is  about  30  inches  in  diameter,  and  5  inches 
in  thickness,  moving  with  its  axis  c:  d,  is  the  other  mill-stone, 
which,  when  in  use,  is  stationary;  but  which  tnay.be  placed 
near  to,  or  at  a  distance  from,  the  moveable  stone  B,  by  means 
of  direfe  screws  passing  through  the  wooden  block  e,  that  supr 
|>ort8  one  end  of  the  axis  c;  after  it  has  been  put  through  a 
hole  or  perforation  in  the  b^d  stone.  The  grain  likewise  passes 
through  this  perforation  from  the  hopper  f,  into  the  mill,  p, 
represents  the  hopper,  which  is  agitated  by  two  ikK>n  pins  on 
the  axis  c,  that  alternately  raise  the  vessel  oontaining  the  grain; 
^hich  again  sinks  by  its  own  weight*  In  consequence  of  this 
motion  the  corn  is  conveyed  through  a  spout  that  passes  from 
Kuch  hopper  into  the  centre  of  the  mill  behind,  and  through  the 
bedstone  D.  g,  a  paddle,  regulating  the  quantity  of  com  to  be 
delivered  to  the  mill;  and,  by  raising  or  lowering  which,  a 
larger  or  smaller  proportion  of  ^in  may  be  furnished:  h,  the 
receptacle  for  the  flour,  into  which  it  falls  from  the  mill-stones, 
when  ground :  i,  represeiHs  one  of  the  two  wooden  supporters 
on  which  the  bedstone^  B,  rests.    These  are  screwed  to  the 

*  M.  Hachette  informs  us,  TkaiU  iUmenUire  des  machines,  p.  105,  that, 
thii  machine,  after  having  stood  128  years,  is  dow  in  an  irreparable  state 
of  ruin. 

t  Mr.  KustpU  engages  to  fnrnish  the  whole  apparatus,  and  deliver  it  fr«e 
of  carriag;e,  in  London,  for  the  moderate  price  of  tmeni^  guineui. 
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Uock  B^  and  likewise  mortised  into  the  lower  frame-work  of 
the  mill  at  K,-  w  hicb  is  connected  by  means  of  the  pins  or  wedges 
L,  Ly  h,  that  admit  the  whole  mill  to  be  easily  taken  to  pieces : 
M,  a  fly-wheel,  placed  at  the  furthest  extremity  of  the  axis  c, 
and  on  which  another  handle  may  be  occasionally  fixed;  n,  a 
small  rail,  serving  to  keep  the  hopper  in  its  place;  the  furthest 
part  of  such  hopper  resting  on  a  small  pin,  which  admits  of 
sufficient  motion  for  that  vessel  to  shake  forward  the  corn:  o, 
a  spur-rail,  for  strengthening  the  frame-work  of  the  mill ;  p, 
the  front  upright,  that  is  mortised  into  the  frame-work,  and 
serves  as  a  rest  for  the  end  of  the  iron  axis  c,  which  is  next  to 
the  handle.  On  each  extremity  of  such  axis  there  is  a  shoulder, 
wrhich  keeps  it  steady  in  its  place.  Lastly,  there  is  a  cloth-hood 
£xed  to  a  broad  wooden  hoop,  which  is  placed  over  the  stones 
M'hile  working,  to  prevent  the  finer  particles  of  Hour  from 
escaping. 

Fig.  5.  represents  the  bolter,  with  its  front  removed,  in  order 
to  display  its  interior  structure;  the  machiue  being  3  feet  10 
inches  in  length,  19}  inches  in  breadth,  and  18  inches  in  depth. 
A,  is  a  moveable  partition,  sliding  about  four  feet  backwards  or 
forwards,  from  the  centre  of  the  box,  upon  two  wooden  ribs, 
which  are  fixed  to  the  back  and  front  of  the  box,  and  one  ojf 
which  is  delineated  at  the  letter  b  ;  c,  the  lid  of  the  bolter, 
represented  open :  d,  a  slider,  which  is  moveable  in  a  groove 
made  in  the  lid,  by  means  of  two  handles  on  the  back  of  such 
lid;  E,  a  forked  iron,  fixed  in  tfie  slider  D,'and  which,  when  the 
lid  is  shut,  takes  hold  of  the  edge  of  the  sieve  f,  and  moves  it 
backwards  and  forwards  on  the  wooden  ribs  b,  accordiiig  to  the 
agitation  of  the  slider;  o,  represents  a  fixed  partition  in  the 
lower  centre  of  the  box,  which  it  divides  into  two  parts,  in  order 
to  separate  the  fine  from  the  coarse  flour;  from  this  partition 
the  slider  a  moves  each  •way  about  four  inches,  and  thus 
mffords  room  for  working  the  sieve :  h,  a  board  that  is  parallel 
to  the  bottom  of  the  bolter,  and  forms  part  of  the  slider  a;  this 
board  serves  to  prevent  any  of  the  sifted  matter  from  falling 
into  the  other  partition:  i,  represents  two  of  the  back  feet, 
which  support  the  bolter. 

Fig.  6.  of  the  plate  above  mentioned  is  a  view  of  the  top,  or 
upper  part,  of  the  lid  of  the  bolter;  K,  the  slider  that  moves 
the  lengthwise  of  the  bolter;  l,  l,  the  handles,  by  which  the 
slider  b  worked ;  m,  a  screw,  serving  to  hold  the  fork,  which 
imparts  motion  to  the  sieve. 

Fig.  7.  represents  the  forked  iron,  £,  separately  from  the  lid. 

Both  the  mill  and  bolter  may  be  constructed  at  a  moderate 
expense,  and  they  occupy  only  a  small  space  of  ground.  -The 
former  may  even  be  worked  in  a  public  kitchen,  or  within  a 
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room  in  a  farm-bouie,  witk^m  oMwioBing  any  great  inciim^. 
braiice.  '.  _        . 

The  particular  excellence  of  the  mill  eOnsials  in  diii  circutn* 
stance,  that,  from  the  Vertical  posilien  of  its  stones,  it  maj  be 
put  in  s^on  without  the  intervention  of  t6^  or  wheels.  It 
may  be  eifrployed  in  tb^  grinding  of  ma]ly>  the  bnusing  of  oats 
for  horses,  and  for  inisrfcing  lloor>  or-for  tt}l  tfa^se  purposes:  it 
may  likewise  be  etoly  altered;^s6"as  to^'<grind  ^ther  of  those 
articles  to  a  greater  or  le^  d^r^>i^l6lieness. 

Another  advantage  peculiar  to  Mr.  RusialFs  contrivance  is, 
tkit  one  naan  is  suSicient  to  work  it;  though,  if  two  persoosi 
namely,  a  maniand  a  boy,  be  employed,  they  will  be  able  to 
produce,  in  the  course  of  two  hours,  a  quantity  of  flour  safiicteut 
to  serve  a  Aunil)^  consisting  <af  sis^  or  eight  persons,  for  a  wbole 
week: — repeated  sMi^factory  trials  havo  proved,  that  this  mill 
grinds  the  corn  completely,  and  at  the  rate  of  one  bushel  of 
wbeat  within  the  hour.  Besides,  the  indusirious  farmer  will 
thus  be  enabled  to  make;  comparative  experiments  on  the  quality 
of  his  grain,  and  may  fumisb  himself,  at  a  trifling  expense,  with 
flour  from  his  own  wheat,  without  apprehending  any  adulteration ; 
or  without  being  exposed  to  the  impositions  or  caprice  of  frau?* 
dulent  and  avaricious  millers. 

Lastly,  though  Mr.  U.'s  bolter  be  more  particuleriy  calcu- 
lated for  sifting  flour,  it  may  also  be  applied  to  various  other 
4ii^ful  purposes,  and  especially  with  a  view  to  obviate  the  in- 
conveniences necessarily  atteiidaDt  on  the  levigation  of  noxious 
substances,  and  to  prevent  the  waste  of  tbeir  finer  particles. 

The  subject  of  milUwork  has  engaged  the  attentiopi  of  many 
authors  in  different  countries :  the  following  is  a  catalogue  ^ 
tlie  chief  writings,  both  theoretical  and  descrij^ve. 

Kiinstliche  abriss,  allerhaud  wasser-  wind-  ross-  nud  hamir 
mohlen,  &c.  von  Jacob,  de  Str^da  a  Resb^rg.    1617. 

Georg  Ckristoph  Luerner  Machina  toreutica  nova:  oder, 
beschreibung  der  neu  erfundenen  Drehmiiblen.    1661. 

Theatrum  raachinarum  novum;  das  ist,  neu  verinehrier 
Schauplatz  der  mechanischen  Kiinste,  handelt  vod  allerbi^nd 
wasser-  wind-  ross*  gewicht-  und  hand-  muhlen.  Von  Geo.  Atid* 
Socklern.    1661. 

Contenta  discursus  mechanic!,  conc^nentis  descriptionem 
optimee  forma?  velorum  horizontalium  pro  uiu  molarum,  nee  aon 
fundamentum  inclinatoriim  velorum  io  navibus,  habita  coram 
Societate  Regia,  a  R.  H.translata  ex  coUectioaibus  philosophicis 
M.  Dec.  num.  3.  pa.  61.  1681. 

Dissertatio  historica  de  molis,  quam  prsBside  Joh.  PhiL  Trtuer 
(lefend^  /o.  Tob.  Muhlberger  Ratisbonens.  Jenae.  1696. 

Martin  MarierCs  Wiskundige  beschonwinge  d^  wiod^-of 
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imMlermooleos^  vergeiekaii  mel  ^  v«n  den  heer  Johann  Lulofs. 
Aaitlerdiini.    1700. 

VolktaacKge   iiiufaleii4)9ukiiqst,   von  Leonhard  Christoph. 
Sturm.  17  IS. 

Jacob  Lef^^d'B  Thefttrum  machinaimm.    1724,  1725. 
Remanqnes  sur  les  aubes  ou  pallettes  des  moulins,  et  nut  res 
machines  inoes  par  le  coi«rant  des  rivieres.    Par  M,  Pitoty  meiu. 
Acad*  Roy.  Paria.     1729. 

Jok.  van.  Zul  tlieatrum   machinarum  universale^  of  groot 
algemeen  moolen-bock,  &c.     Amsterdam.    1734. 

Jo.  CaraL  Totem  Dii^ser.  de  niachtmsmoiaribusoptime  con- 
^rtreiindis.     Lugd.  Batav.    1734. 

Kurze,  aber  deutliclie  anwetsung  zdr  constrnctidn  der  wind- 
und  wasser-muhien,  von  Go/(/V.  KtTu/erAV/g.    1735. 
Deso^u/ier^'s  Experimental  phitosophv.    1795,  lT44. 
Architecture hydraulique,  par  M.  Belitlor.     1T37,  1153. 
Part  of  a  letter  from  Mr.  W.  Anderson,  F.  R.  S.  to  Mh 
Bak«r,  F.  R.  S.  containing  %  description  of  a  water*vrheel  for 
mills  invented  by  Mr.  Philip  Williams.  Phil.  Trans,  vol.  44. 
1746. 

•     Leonh.  Euleri,  De  constmctioiie  aptissima  molarum  alatarum 
•disp.    Nov.  Com.  Acad.  Petrop.  torn.  4. 1752. 

M6moire  dans  lequel  on  d^montre  que  Tean  d\ine  ch{^te 
de8tiii6e  A  faire  mouvoir  qc^lque  machine,  moultn  ou  autre, 
peat  toujours  prodnine  beaucoup  plus  d'effist  en  agtssant  par 
son  poids  qu*eu  agissant  par  son  choc,  et  que  les  roues  'k  pots 
qui  toument  lentenient  produisent  plus  d'effet  que  celles  qui 
toocnent  vtte,  relativement  aux  ch<!ktes  et  aux  d^penses.  Par 
M.  de  ParcieuXy  Acad.  Roy.  Paris.    1754. 

Jo.  ^Ibtrii  Euleri  Enodaiio  questionis :  quo  modo  vis  a^use 
•aliusve  fluidi  cum  maximo  ktcro  ad  molas  circumagendas,  aliave 
opera  perficienda  impehdi  possit,  prsemio  k  societate  Regia. 
^i.  Gotting.    1754. 

Recherches  plus  exactes  sur  Teffet  des  moulins  i.  vent,  par 
M.  Euler.  Hist  Acad.  Roy.  Berlin.  1756. 
-  An  experimental  enquiry  concerning  the  natural  powers  of 
wind  and  water  to  turn  mills  and  other  machines  depending  on 
a  circnlar  motion.  By  Mr.  /.  Smeaton,  F.  R.  S.  Fliil.  Trans. 
1759. 

[Abstracts  of  this  and  Mr.  Smeaton'^  other  papers  on  w.iter 
and  wind  milts  have  been  given  in  book  iv.  of  our  first  volume, 
IMkI  the  Introduction  to  this.  They  \ixre  collected  &nd  published 
by  Taylor,  Holborn,  in  1794.] 

M6moire  dans  lequei  on  pronre  qne  les  anbes  roues  mfles 
par  let  coumns  des  grandes  rivttres  feroient  BeaucbuJ^  plus 
d'efiet  si  elles  6toient  incHn^es  aux  rayons,  qu'elles  nefbntetant 
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appliqu^es  contre  l^s  rayons  monies,  comme  elles  le  sont  aux 
moulins  pendans  et  aux  moulins  flur  bateaux  qui  aoRt  sur  lea 
Tiviirea  de  Seine,  de  Marne,  de  Loire,  &c.  Par  M.  de  PandeiLX, 
mem.  Acad.  Roy.  Paris.    1759. 

Joh,  Albert  Euler*s  Abhandlung  von  der  bewegung  ebeoer 
flachen,  wenn  sie  vom  winde  getriebeii  werden.    1765. 

Schauplatz  des  mechauischen  miihlenbaues,  darinnen  von 
Terschiedenen  hand-  tretU  ross-  gewicht^  wasser-  und  wind- 
miihlen  gehandelt  wjrd,  durch  Johann  George  Scopp  I.  C.  iter 
Theil.   1766. 

Theatrum  machinarum  molarium,  oder  flycbauplatz  der  mii- 
lilenbaukunst.  als  der  neunte  tfaeil  von  des  sel  hem  Jac  Leupolds 
tlieatro  machinarum,  von  Joh.  Mathias  Beyern.  1161  y  J  788, 
1802. 

A  memoir  concerning  the  most  advantageous  construction 
of  water-wheels,  &c.  by  Mr.  Mallet^  of  Geneva.  Phil.  Trans. 
1767. 

M6moire  sur  les  rouef  hy<iraulique8,  par  M*  le  Chevalier  de 
Borda,  mem.  Acad.  Roy.  Pa^.   1767. 

Kurzer  unterricht,  allerley  arten  von  wind-und  wasser-miihien 
auf  die  vortheilhafteste  w/eise  zu  erbauen^  nebst  einigen  gedanken 
iiber  die  verbesserun^  de$  raderwerks  au  den  miihien,  von  Joh. 
fC6n}or.    1767, 

G^G.  Bischojp^  Beytrage  zur  mathesis  dur  muMen.    1 767. 

Sur  la  position  des  aiies  des  moulins  k  vent.  IXAUmbtrL 
Opusc.  mathema.  tom.  5.    i7$d. 

Determination  g^n^rale  de  I'effet  4e8  roues  mues  par  le 
choc  de  Teau,  par  M.  I'abb^  Bossut,  mem.  Acad.  Roy.  Paris. 
1769. 

Andreas  Kaovenht^fer^  Deutliclie  abhandlung  von  den  radern 
jder  wassermiihlen,  und  von  dem  einrandigeu  werke  der  schnei- 
demiihlen.  1770. 

Manuel  du  mcfinier  et  du  charpentier  des  moulins,  redige  par 
Edm.  Bequi/leL    1775. 

R6raarques  sur  les  moulins  k  vent,  par  M.  Lambert* 

R^marques  sur  les  moulins  et  autres  machines,  oik  Peau 
tombe  en  dessus  de  la  roue,  par  ilf.  Lambert. 

Experience  et  r^marques  sur  les  moulins  que  Teau  meut  par  en 
bas  dans  une  direction  horizontHle,  par  M.  Lambert. 

I(6nuiraues  sur  les  moulins  et  autres  Machines  dont  les  roues 
prennant  reau  k  une  certainc  hauteur,  par  M,  Zaml>ert» 

[The  last  four  articles  are  inserted  in  Mem.  Acad.  Roy. 
Berlm.    1775.] 

Of  the  degrees  and  quantities  of  winds  requisite  to  move  the 
heavier  kinds  of  wind-machines,,  by  JohnStedma^n,  M.D.  Phi}. 
Jraus.   1777. 
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Ausfiihrliche  erklarung  der  yorschFage  ftir  die  Faogere  dauer 
tier  nmhleQwerke,  nebst  i^nlichen  g^enstanden,  in  ein  gesprach 
verfassety  von  Johann  Christian  FiiUtnann,  Muhlenmeister. 
1780. 

Obsenrations  tb^oriques  et  experimentales  sur  FeiTet  des* 
molding  s^  vent,  et  sur  la  figure  de  leurs  aUes,  par  M.  CotUumb, 
mem.  Acad.  Roy.  Paris.    1781. 

Tratado  de  los  granos  y  modo  de  molerlos  con  econoniia,  de 
la  conservation  de  astos  y  de  las  barinas;  escr.  en  Fr.  par  M. 
JSeguilletf  y  extract,  y  trad,  al  Cast,  con  algun  notas  y  un  sup- 
plem.  por  Ph.  Marescaulchi*    1786. 

Suite  de  I'arcbitecture  hydraulique^  par  Af.  Fabre.    1786. 

M6moires  sur  les  moyens  de  perfectiouner  les  moulins^  et  la 
inouture  iconomique,  par  C.  Bucquet.    1786. 

Manuel  ou  vocabulaire  des  moulius  k  pot.   A  Amst.  1786. 

Die  nothigsten  kenntnisse  zur  anlegung,  beurtheilung  iind 
berechnung  der  wasserniuhlen,  und  zwar  der  mafal-  oehl-  uud 
aage-  miihleD,  slir  ai^anger  und  liebbaber  der  miiblenbaukuniity 
▼on  Joh.  Christ.  Huth.    1787. 

An  essay  proving  iron  far  superior  to  stone  of  any  kind  for 
breaking  and  grinding  of  com,  &c.  by  W.  Wakon.^  1788. 

Miihknpraktik,  oder  unterricht  in  dem  niahlen  der  brod- 
frtichte,  ftir  polizeybeamte,  gaverksleute  und  hauswirtbe,  von 
L.Ph.Hahn.  1790. 

The  young  mili-wright  and  miller's  guide^  by  Oliver  Evans. 
Philadelphia.    17Q0. 

Manuel  du  mefinier  et  du  constructeur  des  moulins  k  eau  et 
4  grains,  par  C.  BucqueU    179K 

Prak^che  anweisung  zum  miiblenbau,  von  hr.  Clausen. 
1792. 

Bescbreibung  zweir  maschinen  zur  reinigung  des  korns,  von 
Lr.  Clausen.    179£. 

Instructbns  sur  Tusage  des  moulins  k  bras,  inventus  et  per- 
fectionn^s  par  les  Citoyens  Durand  p^re  et  fib,  m^caniciens. 
1792. 

Tbeoretbch-praktiscfae  abhandlung  liber  die  besserung  der 
muhlrader  von  dem  verfasser  der  zwcckmassigen  luftreiniger, 
-&c.  1795. 

A  treatise  on  mills,  in  four  parts,  by  John  Banks.  1795. 

Handbuch  der  maschinenlehre,  sur  praktiker  und  akadeinische 
lehrer,  von  Karl  Christian  Langsdorf.    1797,  1799. 

On  the  power  of  machiueji :  including  Barker's-mill,  West- 
garth's  engine,  Cooper*s-mili,  horizontal  water-wheel,  8lc.  by 
John  Banks.    1803. 

The  experienced  millwright,  by  Andrew, G ray y  millwright. 
1804. 


Digitized  by 


Google 


270  MACHINES. 

Practical  Esaajs  on  Mill  Work,  and  odierMadittiery,  and  on 
tke  Shafts  of  MiUs,  by  Robertson  Buchanan,  Civil  Engineer, 
1814. 

The  transactions  of  the  Society  of  Arts  and  Manufactures  ; 
several  of  the  volumes  of  which  contain  improvements  in  mill- 
work.     See  also  the  Repertory  of  Arts,  in  various  places. 

MULLERS  for  grinding  colours,  according  to  thecommoft 
ooastructkuiy  are  too  vrell  known  and  too  simple  lo  need  a  par- 
ticular description  here.  But  Mr.  James  Rawlinson,  of  Derby, 
baa  invented  a  concaae  muller,  for  which  the  Society  of  Aits 
presented  him  a  silver  medal  and  ten  guineas,  on  account  of  its 
mgeniiity.  He  has  used  his  machine  for  several  years,  and  has 
found  it  much  more  effectual  and  expeditious  in  reducing  the 
colour  to  extreme  fineness  than  the  usual  method,  and  much  ' 
less  injurious  to  the  health  of  the  workman,  who  frequently  has 
done  as  much  vrith  it  in  three  hours  as  be  could  in  twelve  with 
the  muller  and  slab. 

The  machine  consists  of  a  flat  cyUoder  of  black  marble,  six- 
teen inches  and  a  half  diameter,  and  four  and  a  half  thickness, 
with  im  axle  traversing  its  centre  (Aus  somewhat  resemUin^  a 
common  cutler's  grindstone).  It  is  suspended  on  a  simdav 
frame,  in  a  vertical  position,  and  turned  round  in  the  same  mau- 
net  by  a  winch :  a  concave  piece  of  marble  is  provided,  of  the 
same  breadth  as  the  circular  stone,  forming  a  segment  of  the 
same  circle  one  tbiid  of  the  circumference  in  extent :  this, 
which  may  be  considered  as  the  muller,  is  fitted  into  a  piece  of 
solid  wood  of  similar  shape,  one  end  of  which  is  secured  loosely 
by  a  hinge  or  otherwise  to  the  frame ;  the  other  end,  rising  over* 
the  circular  stoae  and  supported  by  it,  is  further  pressed  down 
on  it  by  a  long  spring  bent  over  from  the  opposite  extremity  of 
thesUiud,  and  regulated  as  to  its  pressure  by  a  screw,  whose  end 
turns  against  the  concave  muller :  a  slight  frame  of  iron  in  front, 
moveable  on  a  hinge,  by  which  it  is  secured  to  the  frame,  sup- 
poits  a  scraper,  for  taking  off  the  colour,  formed  of  a  piece  of 
M  atch-spi  ing,  uhich^is  turned  back  out  of  the  wav  when  not  ki 
use.  Mr.  R.  thinks  the  circular  grindstonea  might  be  made 
much  larger  than  he  used,  to  advantage,  and  that  one  of  two 
feet  diameter  wouki  not  occasion  too  much  labour  to  one  man 
to  turn  it :  he  computes  that  in  his  machine  there  are  seventy 
square  inches  of  surface  of  the  concave  muller  in  constant  work 
on  the  paint,  while  in  the  common  muller  not  more  than  sixteen 
square  inches  are  usually  in  contact  with  the  slab.  The  ma^ 
chine  will  be  found  equally  serviceable  for  the  colours  ground  in 
water  as  for  those  prepared  with  oil,  according  to  Mr,  R.,  who 
highly  recommends  its  use  to  all  colourmen. 

Mr.  K.  advibiis,  in  mukiug  up  the  colours  in  bladders,  to  in* 
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serf  a  bit  of  qa3l  or  reed  b  tbe  neck  of  the  bladder,  Whidi  will 
tbtis  bind  better  in  tying ;  and,  admitting  of  a  secure  stopper, 
will  be  more  cleanly  ai^  less  wasteful  than  the  usual  method  of 
stopping  with  a  nail,  and  keep  the  colour  more  safe  from  the 
air,    (Retrospect,  &c.  No.  1.) 

NORIA.    See  HYDRKVhic-^nachines,  No.  3. 

ODOMETER,  a  mechanical  contrivance  for  measuring  the 
way  passed  over  by  a  carriage.  An  apparatus  of  this  kind,  by 
Mr.  R.  L.  Edgwortfa,  may  be  easily  attached  to  the  axje-tree 
bed  of  a  post-chaise,  gig,  or  any  other  carriage.  One  turn  an4 
a  half  of  a  screw  is  formed  roimd  the  nave  of  one  of  the  hinder 
wheels  by  a  slip  of  iron,  which  is  wound  round  the  nave,  atid 
fastened  to  it  by  screws  passing  throii^  five  or  six  cocks,  that 
are  turned  up  at  right  angles  on  the  slip  of  iron.  The  helix  so 
formed  on  Uie  nave  of  die  carriage-wheel  acts  aa  a  worm  or 
screw  upon  the  teeth  of  a  whed  called  a,  which  should  have 
20  teeth,  if  the  carriage-wheel  be  5  feet  3  inches  in  circumfe- 
rence. On  the  arbor  of  the  wheel  A  there  is  a  brass  endless' 
screw  called  b,  which  acts  upon  a  bra^  wheel  c  of  80  teeth ; 
this  latter  wheel  serving  as  a  dial-plat^  apd  is  divided  into  miles, 
halves,  ouarters,  and-  furlongs.  The  %ures  indicating  the  miles 
are  nearly  ^  of  an  inch  long,  so  as  .to  be  <|^uite  distinct ;  they  are 
pointed  to  by  an  index  wbii^prc^^  from  a  fixed  point  a  little 
way  over  the  plate,  in  such  a  manner  as  to  be  easily  seen  from 
the  carriage,  as  wdl  as  the  figures  parsing  successively  beneath 
it.  The  two  brass  wheels  A  and  c  are  mounted  by  irons  with 
pivots  upon  a  rectangular  block  of  wood,  which  is  to  be  screwed 
upon  the  axletreo  bed,  and,  if  the  carriage  permits,  in  such  a 
manner  that  the  dial-plate  may  fiont  the  eye  of  die  person  who 
looks  from  the  carriage. 

There  is  a  ratchet-wheel  attached  to  the  arbor  of  the  \yheel  A, 
which  by  means  of  a  cbck  allows  tbe  wheel  to  be  set  with  a  key 
•r  handle  fitted  to  the  square  end  of  the  arbor.  Ther«  are  two 
springs,  one  adapted  to  the  wheel  A,.aRd''the  other  to  the  dial- 
plate  wheel  c,  to  prevent  diem  from  shaking  by;  |be  motion  of 
the  carriage.  .    •  .  ,r    ,  . 

Such  an  apparatus  will  estimate  distances  for  5  miles,  and  an 
additional  wheel  of  81  teeth  would  render  it  fit  to  count  400 
miles.  If  the  carriage*wheel  be  either  larger  or  smaller  than  5 
feet  3  inches  in  peritneter,  it  will  still  be  easy  to  adapt  an  odo- 
meter to  it. 

OIL-MILL,  a  mill  for  expressing  the  oils  from  fruits,  or 
grains,  &c.  As  these  kingdoms  du  not  produce  tbe  olive,  it 
would  he  needless  to  describe  the  mills  which  are  employed  in 
the  sotttfaenv. parts  of  Europe.  .  We  shall  content  ourselves, 
therefore,  \%ilh  a  description  of  a  Dutch  ojl-miil,  employed  for" 
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grinding  and  pressing  lint-seed^  raperseed,  and  other  oleaginous, 
grains.  Further,  to  accommodate  our  description  still  more  to 
^ur  local  circumstances,  we  shall  employ  water  as  the  first 
mover ;  thus  avoiding  the  enormous  expense  and  complication 
of  a  windmill. 

In  plate  XXI.  fig.  A. 

1.  Is  the  elevation  of  a  wheel,  over  or  under-shot,  m  the 
situation  may  require. 

2.  The  bell-metal  socket,  supported  by  masonry,,  for  receiving 
the  outer  gudgeon  of  the  water-wheel. 

3.  The  water-course. 
Fig.  B. 

1.  A  spur-wheel  upon  the  same  axis,  having  52  teeth. 

2.  The  trundle  that  is  driven  by  No.  1.  and  has  78  staves. 

3.  The  wallower,  or  axis  for  raising  the  pesitles.  It  is  fur« 
nished  round  its  circumference  with  wipers  for  lifting  the  pes^ 
ties,  so  that  each  may  fall  twice  during  one  turn  of  the  water- 
wheel,  that  is,  three  wipers  for  each  pestle. 

4.  A  frame  of  timber,  carrying  a  concave  half-cylinder  of 
bcU-metal,  in  which  the  wallower  (cased  in  that  part  widi  iroi& 
plates)  rests  and  turns  round.  * 

6.  Masonry  supporting  the  inner  gudgeon  of  the  water-wheel 
and  the  above-mentioned  frame. 

6.  Gudgeon  of  the  wallower,  which  bears  again«t  a  bell«. 
metal  step  fixed  in  the  wall.  This  double  support  of  the  wal- 
lower  is  found  to  be  necessary  in  all  mills  which  drive  a  number 
of  heavy  stampers. 

Fig.  c,  is  the  elevation  of  the  pestle  and  press-frame^  their 
furniture,  the  mortars,  and  the  press-pestles. 

I  •  The  six  pestles. 

2.  Cross  pieces  between  the  two  rails  of  the  frame,  forming, 
with  these  rails,  guides  for  the  perpendicular  motion  of  the- 
pestles. 

3.  The  two  rails.  The  back  one  is  not  seen.  They  are 
checked  and  bolted  into  the  stimdards  No.  12. 

4.  The  tails  of  the  lifts,  corresponding  to  the  wipers  upoa 
the  wallower.    See  the  article  Wiper. 

5.  Another  rail  in  front,  for  carrying  the  detents  which  hold 
tip  the  pestles  when  not  acting.     It  is  marked  14  in  fig.  m. 

6.  A  beam  a  little  way  behind  the  pestles.  To  this  are 
fixed  the  pulleys  for  the  ropes  which  lift  and  stop  the  pestles*. 
It  is  represented  by  16  in  fig.  m.  i 

7.  The  said  pulleys  with  their  ropes. 

8.  llie  driver,  which  strikes  the  wedge  that  presses  the  oiL 

9.  The  discharger,  a  stamper  which  strikes  upon  the  inverted 
wedge,  and  loosens  the  press. 
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10.  The  lower  rail  with  its  cross  pieces,  forming  the  lower 
guides  of  die  nestlesi 

11.  A  smull  cog-wheel  upon  the  wallower,  for  turning  the 
spatula,  which  stirs  about  the  oil-seed  in  the  chauffer-pan.  It 
has  28  teeth,  and  is  marked  No.  6.  in  fig.  m. 

12.  The  four  standards,  mortised  below  into  the  block,  and 
above  into  the  jobts  and  beams  of  the  building, 

19.  The  sik  mortars  hollowed  out  of  the  block  itself,  and  in 
shape  pretty  much  like  a  kitchen  pot. 

X     14.  The  feet  of  the  pestles,  rounded  into  cylinders,  and  shod 
ivith  a  great  lump  of  iron.  ^ 

15.  A  board  behind  the  pestles,  standing  on  its  edge,  but  in- 
cltning  a  little  backwards.  There  is  such  another  in  front,  but 
not  represented  here.  These  form  a  sort  of  trough,  which  pre- 
vents the  seed  from  being  scattered  about  by  die  fall  of  the 
pestles,  and  loat. 

16.  The  first.  pres8-box  (also  hollowed  out  of  the  block),  in 
which  the  grain  is  squeezed,  after  it  has  come  for  the  first  time 
from  below  the  mill-stones. 

17*  The  second  press-box,  at  the  other  end  of  the  block,  for 
squeezing  the  grain  after  it  has  passed  a  second  time  under  the 
pestles. 

18.  Frame  of  timber  for  supporting  the  other  end  oC^the 
wallower,  in  the  same  manner  as  at  No. 4.  fig.  b. 

19*  Small  eoff- wheel  on  the  end  of  the  wallower,  for  giving 
motion  to  the  nmUstones.    It  has  28  teeth. 

20.  GUidgeon  of  the  wallower,  bearing  on  a  bell-metal  socket 
fixed  in  the  wall. 

21.  Vessels  for  receiving  the  oil  from  the  press-boses. 
Fig.  D.  Elevation  and  mechanism  of  the  mill-stones. 

1  •  Upriffht  shaft,  carrying  the  great  cog-wheel  above,  and  the 
rtimier  milestones  below  in  their  frame* 

2.  Cog<«wheel  of  76  cogs,  driven  by  No.  19.  of  fig.  c. 
S.  The  frame  of  the  runners. 

4.  The  innermost  runner,  or  the  one  nearest  the  shaft. 

5.  Outeitaost  ditto,  being  further  from  the  shaft. 

€.  The  inner  rake,  which  collects  the  grain  under  the  outer 
runner. 

7.  The  ottter-rake,  which  collects  fhe  grain  under  the  inner 
runner.  In  this  manner  the  grain  is  always  turned  over  and 
over,  and  crushed  in  every  direction.  The  inner  rake  lays  the 
nain  in  a  slope,  of  which  fig.  o  is  a  section  ;  the  runuer  flattens 
It,  and  the  second  rake  lifts  it  again,  as  is  marked  in  tig.  p ;  so 
that  every  side  of  a  graiu  is  presented  to  the  roill-stone,  and  the 
rest  of  flie  legger  or  nether  miH-^tone  is  so  swept  by  them,  that 
not  a  single  grain  is  left  on  any  part  of  it.  Tlie  outer  rake  is 
flilso  fiimiihed  with  a  rag  of  cloth,  which  rubs  against  the  border 
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or  hoop  diat  surrounds  the  nether  mill-stone,  so  as  to  drag  01st 
the  few  grains  which  might  odierwise  remain  in  the  comer. 

8.  The  ends  of  the  iron  axle  which  passes  through  the  np' 
right  shaft,  and  through  the  two  runners.  Thus  they  have  two 
motions :  Imo,  A  rotation  round  their  own  axis  $  2do,  That  by 
which  they  are  carried  round  upon  die  nether  milt<tone  on 
which  they  roll.  The  holes  in  these  mill-stones  are  made  m 
little  wide ;  ,and  the  holes  in  the  ears  of  the  frame,  which  carry 
the  ends  of  the  iron  axis,  are  made  oval  up  and  down*    Thia 

Eeat  freedom  of  motion  is  necessary  for  the  runner  miU-stones, 
(cause  frequently  more  or  less  of  the  grain  is  below  them  at  a 
time,  and  they  must  therefore  be  at  liberty  to  get  over  it  with- 
out straining,  and  perhaps  breaking,  the  shaft. 

9.  The  ears  of  the  frame  which  lead  the  two  extcemities  of 
the  iron  axis.  They  are  mortised  into  the  under  side  of  the 
bars  of  the  square  frame,  that  is  carried  round  with  the  shaft. 

10.  The  border  or  hoop  which  surrounds  the  nether  mill- 
stone. 

11.  and  12.  The  nedier  mill-stone,  and  masonry  which  miifr 
ports  it. 

Fig.  K.  Plan  of  the  runner  mill-stones,  and  the  frame  whick 
carries  them  round. 

1, 1.  Are  the  two  mill-«tones. 

$,  3, 3, 3.  The  outside  pieces  of  the  frame. 

4,4,4,4.  The  cross-bars  of  the  frame  which  embrace  the 
upright  shaft  5,  and  give  motion  to  the  whole.  ^ 

6, 6.  The  iron  axis  upon  which  the  runners  turn. 

7.  The  outer  rake. 

8.  The  inner  ditto. 

Fig.  L.  Represents  the  nether  mill-stoQe  seen  from  d>0ve. 

1.  The  wooden  gutter,  which  surrounds  the  nether  mill- 
stone. 

£.  The  border  or  hoop,  about  six  inches  high,  all  rounc^  to 
prevent  any  seed  from  bemg  scattered. 

•8.  An  opening  or  trap-door  in  the  gutter,  which  can  be 
opened  or  shut  at  pleasure.  When  open,  it  allows  the  brdbed 
grain  collected  in  and  shoved  along  the  gutter  by  the  rakes  to 
pass  through  into  troughs  placed  below  to  receive  it. 

4.  Potion  of  the  circle  described  by  the  outer  runner. 

5.  Portion  of  the  circle  described  by  the  inner  one.  By 
these  we  see  that  the  two  stones  have  different  routes  round  the 
axtSi  and  bruise  more  seed. 

6.  The  outer  rake. 

7.  The  inner  ditto.  ^ 

8.  The  sweep,  making  part  of  the  inner  rake,  occasionally  I^ 
down  for  sweeping  off  au  the  seed  when  it  has  been  sufficientljr 
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bruised.  The  pressure  and  ecrion  of  these  mkes  is  adjusted  by 
means  of  wooden  springs,  which  cannot  be  easily  and  distinctly 
represented  by  any  figure.  The  oblique  position  of  the  rakes 
(the  outer  point  going  foremost)  causes  them  to  shove  the  grain 
ii^wards  or  toward  the  centre,  and  at  the  same  time  to  turn  it 
over,  somewhat  in  the  same  manner  as  the  mould-board  of  a 
plough  shoves  the  earth  to  the  right  hand,  and  partly  turns  it 
over.  Some  mills  have  but  one  sweeper ;  and,  indeed,  there  is 
great  variety  in  the  form  and  construction  of  this  part  of  the 
machinery. 

Fig.  M.  Profile  of  the  pestle  frame. 

1.  Section  of  the  horizontal  shaft. 

2.  Three  wipers  for  lifting  the  pestles.     See  Wiper. 

3.  Little  wheel  of  28  teedi,  for  giving  motion  to  the  spatula. 

4.  Another  wheel,  which  is  driven  by  it,  having  20  teeth.    ' 

5.  Hpnzontal  axle  of  ditto. 

6^  Another  wheel  on  the  same  axle,  having  1 3  teeth. 

7.  A  wheel  upon  the  upper  end  of  the  spindle,  having  12 
teeth. 

8.  Two  guides,  in  which  the  spincHe  turns  freely,  and  so  that 
it  can  be  shifted  higher  and  lower. 

9.  A  lever,  moveable  round  the  piece  No.  14.  and  having  a 
hole  in  it  at  9,  through  which  the  spindle  passes,  turning  freely. 
The  spindle  has  in  this  place  a  shoulder,  which  rests  on  the 
border  of  the  hole  9 ;  so  that  by  the  motion  of  this  lever  the 
spindle  may  be  disengaged  from  the  wheel- work  at  pleasure. 
This  motion  is  given  to  it  by  means  of  the  lever  10,  10,  move- 
able round  its  middle.  The  workman  employed  at  the  chauffer 
pulls  at  the  rope  10,  1 1,  and  thus  disengages  the  spindle  and 
spatula. 

1 1.  A  pestle  seen  side  wise. 

12.  The  lift  of  ditto. 

13.  The  upper  rails,  marked  No.  3.  in  fig.  c. 

14.  The  rait,  marked  No.  5.  in  fig.  c.  To  this  are  fixed  the 
detents,  which  serve  to  stop  and  hold  up  the  pestles. 

15.  A  detent,  which  is  moved  by  the  rope  at  its  outer  end. 

16.  A  bracket  behind  the  pestles,  havmg  a  pulley,  through 
^ich  passes  the  rope  going  to  the  detent  15. 

17.  The  said  pulley. 

18.  The  rope  at  the  workman's  hand,  passing  through  the 
pulley  17,  and  fixed  to  the  end  of  the  detent  15« 

This  detent  naturally  hangs  perpendicular  by  its  own  Weight. 
When  the  workman  wants  to  stop  a  pestle,  he  pulls  at  the  rope 
IS,  diiring  the  rise  of  the  pestle.  When  this  is  at  its  greatest 
hei^ht^tne  detent  is  horizontal,  and  prevents  the  pestle  from 
falliug%y  means  of  a  pin  projecting  from  the  side  of  the  pestle, 
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which  rests  upon  the  deteot,  the  detent  itself  being  held  in  tbtf 
position  bj  hitching  the  loop  of  tlie  rope  upon  a  pin  at  the  worli- 
mau's  hand. 

19'  The  two  lower  rails,  marked  No.  10.  fig.  c. 

2(X  Great  wooden,  and  sometimes  stone,  block,  in  which  &c 
mortars  are  formed,  marked  No.  dl.  in  fig.  c. 

21.  Vessel  placed  below  the  press-boxes  for  receiving  the  oil. 

22.  Chauffer,. or  little  furnace,  for  warming  the  bruised  grain. 
%3,  Backet  in  the  front  of  the  chauifer,  tapering  downwards, 

and  openibg  below  in  a  narrow  slit.  The  hair  ba^,  in-  which  ib^ 
grain  is  to  be  pressed  after  it  has  been  warmed  m  the  chauffer, 
are  filled  by  placing  them  in  this  backeL  The  grain  is  lifted 
out  of  the  chanffer  with  a  ladle,  and  put  into  these  bags ;  and  « 
^od  quantity  of  oil  runs  from  it  through  die  sUt  at  the  bottom 
into  a  vessel  set  to  receive  it. 

24.  The  spatula  attached  to  the  lower  end  of  the  spindle,  and 
turning  round  among  the  grain  in  the  chauffer-pan^  thus  pre- 
venting it  from  sticking  to'the  bottom  or  sides,  and  gettii^  too 
much  heat 

. .  The  first  part  of  tlie  process  at  an  oikmilT  is  bruising  the,  teed 
under  the  runner  stones*.  That  this  may  be  more  expeditious^ 
done^  one  of  the  runners  is  set  about  fds  of  its  own  thickneM 
nearer  the  sh^ft  than  the  other.  Thus  they  have  different 
treads ;  and  th0  grain,  which  is  a  little  heaped  towards  the  cen- 
tre, is  thus  bruised  by  botli.  The  inner  rake  gatliers  it  up  under 
the  outer  stone  iuto  a  ridge,  of  which  the  section  is  represented 
in  plate  XXI.  ti^.  o.  The  stone  passes  over  it,  and  flattens  it. 
It  IS  gathered  u(.  again  iuto  a  ridge,  of  the  form  of  fig.  p,  under 
the  inner  stone,  by  Che,  outer  rake,  which  consists  of  two  parts. 
The  outer  part  presses  close  on  the  wooden  border  which  8ur<- 
rounds  the  nether  stone,  and  shoves  the  seed  obliquely  inwards, 
while  the  inner  part  of  this  rake  gathers  up  what  had  spread 
toward  the  centre.  Theother  rake  has  a  joint  near  the  middle 
of  its  length,  by  which  the. outer  half  of  it  can  be  raised  from 
the  nether  stone,  while  t|ie  inner  half  continues  pressing  on  it, 
and  thus  scrapes  ofi  the  mpist  p^ste.  When  the  seed  is  suffici- 
ently bruised,  tbe  miller  lets  down  the  outer  end  of  the  rake. 
Tbi^  iminediately  gathers  the  whole  paste,  and  shoves  it  obliquely 
outwards  to  tbe  wooden  rim,  where  it  is  at  last  brought  to  a  part 
that  is  left  imboardec^  and  it  falls  through  iuto  troughs  placed 

*  We  are  told,  that  in  a  mill  at  Rcichenhoflen,  in  Alsace,  a  consider- 
able improvement  hns  been  made  by  passing  the  seed  t>etween  two  small 
iron  rollers,  before  it  is  ^)ut  under  the  mill-stones.  A  great  deal  of  work 
is  said  to  be  saved  by  this  preliminary  operation,  and  nner  nil  produced : 
which  we  think  Tcry  probable.  The  stamping  and  pressing  go  on  as  in 
other  mills. 
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W  receive  it  These  troughs  have  holes  in  the  bottom,  through 
inrhich  the  oil  drips  aH  die  tioie  of  the  operation.  This  part  of 
the  oil  is  directed  into  a  particular  cistern,  being  considered  as 
the  purest  of  the  whole ;  fiaying  been  obtained,  without  pressure, 
by  the  mere  breaking  of  the  huH  of  the  seed. 

In  some  rnlHs  this  operation  is  expedited,  and  a  much  greater 
quantity  of  this  best  <m1  is  obtained,  by  having  the  bed  of 
masonry  which  supports  die  legger  formed  into  a  little  furnace, 
and  gently  heated.  Bat  the  utmost  care  i^  necessary  to  prevent 
the  heat  from  becoming  considerable*  This,  enabling  the  oil  to 
dissolve  more  of  the  fermentable  substance  of  the  seed^  exposes 
the  oil  to  the  risk  of  growing  soon  very  rancid ;  and,  iir  general,* 
it  is  thought  a  hazardous  practice,  and  the  oil  does  not  brings  so* 
high  a  price. 

When  the  paste  comes  from  under  the  stones  it  is  put  liito.* 
the  hair  bags,  and  subjected  to  the  (ist  pressmg.  The  oil  t^s 
obtained  is  also  .esteemed  as  of  jdie  first  quality,  scarcely  in&rioic, 
to  the  former,  and  is  kept  apart:  (the  great  oil  cistern  oeisg 
divided  into  several  pordons  by  parlatimis). 

The  oil  c^es  of  this  yreasmg  are  taken  o^t  of  die  bags, 
broken  to  peces,  and  put  into  the  mortara  for  the  first  stamping. 
Here  the  paste  is  again  broken  down,  and  the  parenchyipa  of 
d|e  seed  reduced  to  a  fine  meal.  Thus  free  egress  is  allowed  to 
die  oil  from  every  vesicle  in  which  it  is  contained.  Bpt  it  is 
liow  rendered  much  more  clammy,  by  the  forcible  mixture  of 
die  mucilage,  and  even  of  the  finer  parts  of  the  meal.  Wheo 
sufficiently  pounded,  the  workman  stops  the  pesde  of  a  mortar, 
when  at  the  top  of  its  lift,  and  carries  die  contents  of  the  mortar 
to  tbe  first  chauffer  pan,  where  it  is  heated  to  about  the  tem- 
perature of  melt^g  bees-wax  (this,  we  are  told,  is  the  test),  and 
all  the  while  stirr^  about  by  the  spatula.  From  thence  it  is 
again  put  into  hair  bags,  i|i  the  manner  already  described;  and 
the  oil  which  drips  from  it  during  this  operation  is  considered 
as  the  best  of  the  second  quality,  and  in  some  piiUs  is  kept  apart^ 
The  paste  is  now  subjected  to  the  secon4  pressing,  apd  ^e  oi) 
is  that  of  the  second  quality. 

All  this  operation  of  pounding  and  headng  is  perfiMrmed  by 
one  workman,  who  has  constant  employment  by  taking  the  four 
mortars  in  succession.  The  putting  into  the  bags  and  conduct- 
ing of  the  pressinjg  gives  equal  employment  to  another  workmpn. 

{n  die  miHs  of  Picardy,  Alsace,  and  most  of  Flanders,  die 
operation  ends  herie ;  and  the  produce  from  the  chauffer  is  in- 
creased, by  putting  a  spoonful  or  two  of  water  into  the  pan 
among  the  paste. 

But  the  Dutch  take  more  pains.  They  add  no  water  to  the 
paste  of  this  their  first  stamping.    They  say  that  this  gready 
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lowers  die  quality  of  the  oiL  The  cakes  whkb  resuk  from  thU 
pressingi  and  are  there  sold  as  food  for  cattle,  are  still  fat  and 
softish.  Thd  Dutch  break  them  down,  and  subject  them  to  the- 
pestles  for  the  second  stamping.  These  reduce  them  to  an  im* 
palpable  paste,  stiff  like  clay.  It  is  lifted  out,  and  put  into  the 
second  chauffer  pan ;  a  few  spoonfuls  of  water  are  added,  and 
the  whole  kept  for  some  time  as  hot  as  boiling  vrateri  and  care- 
fully stirred  all  the  while.  From  thence  it  is  lifted  into  the  hair 
bags  of  the  last  press,  subjected  to  the  press  ;  and  a  quanti^ 
of  oil,  of  the  lowest  quality,  is  obtained,  sufficient  for  giving  a 
satisfactory  profit  to  the  miller.  The  cake,  is  now  perfectly 
dry,  and  hard,  like  a  piece  of  board,  and  ia  sold  to  the  farmers* 
1*1  ay,  there  are  small  mills  in  Holland  which  have  no  other  era* 
ployment  than  extracting  oil  from  the  cakes  which  they  pur^ 
chaise  from  the  French  and  Brabanters ;  a  clear  indication  of 
the  superiority  of  the  Dutch  practice. 

The  nicety  with  which  that  industrious  people  conduct  aU 
their  business  is  remarkable  in  this  manufacture. 

In  their  oil  cistern,  the  parenchymous  part,  which  unavoid-, 
ably  gets  through,  in  some  degree,  in  every  operation,  gradually 
fiubsides;  and  the  liquor,  in  any  divi^on  of  the  cistern,  coaies 
to  consist  of  strata  of  different  degrees  of  purity.  The  pumps 
which  lift  it  out  of  each  division  are  in'pairs;  one  takes  it  up 
from  the  very  bottom,  and  the  other  only  from  half  depth.  The 
last  only  is  barrelled  up  for  the  market,  and  the  other  goes  into 
a  deep  and  narrow  cistern,  where  the  dreg  again  subsides,  and 
more  pure  oil  of  that  quality  is  obtained.  By  such  careful  and 
judicious  practices,  the  Dutch  not  only  supply  themselves  with 
this  important  article,  but  annually  send  considerable  quantities 
even  into  those  provinces  of  France  and  Flanders  where  they 
bought  the  seed  from  which  it  was  extracted.  When  we  reflect 
on  tne  high  price  of  labour  in  Holland,  on  the  want  of  timber 
for  machinery,  on  the  expense  of  building  in  that  country,  and 
on  the  enormous  expense  of  wind-mill  machinery,  both  in  the 
first  erection  and  the  subsequent  wear  and  tear,  it  must  be  evi- 
dent, that  oil- mills  erected  m  England  on  water  falls,  and  after 
die  Dutch  manner,  cannot  fail  of  being  a  great  national  advan- 
tage. The  chatellanie  or  seigneurie  of  Lille  alone  makes  an- 
nually between  30,000  and  40,000  barrek,  each  containing 
about  26  gallons. 

MVhdt  is  here  delivered  is  only  a  sketch.  Every  person  ac- 
quainted with  machinery  will  understand  the  general  move- 
ments and  operations.  But  the  intelligent  mechanic  well  knows, 
that  operations  of  this  kind  have  many  minute  circumstances 
which  cannot  be  described,  and  which,  nevertheless,  may  have 
a  great  influence  on  the  whole.    The  rakes  in  the  bruisiog-mill 
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ha^e  an  office  lo  perferoi  wlkieh  resembles  tfiat  of  die  hand,  d&- 
reeled  bj  a  earefal  eye  and  unceaBing  attentioa.^  Words  caaoot 
cotnmiinkate  a  clear  notion  of  this ;  and  a  mill,  constmclod 
lroi9  the  t>e8t  drawings,  by  the  most  skilful  workman,  may  n* 
ther  the  seed  so  ill,  that  the  half  of  it  shall  not  be  braised  aner 
ifiany  rounds  of  the  machinery.  This  produces  a  scanty  return 
of  the  finest  oil ;  and  the  mill  gets  a  bad  character.  The  pro^ 
prietor  loses  his  money,  is  discouraged,  and  mes  up  die  work. 
—-There  is  no  security  but  by  procuring  a  Dutch  millwright, 
and  paying  him  with  the  liberality  of  Bntons.  Such  unhoped* 
for  tasks  hare  been  performed  of  late  years  by  machinery  i  and 
mechanical  knowledge  and  inventiim  are  noW  so  generally  di£> 
faaed,  that  it  is  highly  probable  that  we  should  soon  excel  our 
teachers  in  this  branch.  But  this  very  diffusion  of  knowled|^ 
by  encouraging  speculation  among  the  artists,  makes  it  a  still 
greater  risk  to  erect  a  Dutch  oil*-mill  without  having  a  Dutch^ 
man,  acquainted  with  its  most  improved  present  form,  to  conduct 
the  xvork.  (Supp.  Encyclo,  Britan.)  Anodier  description  of  aa 
oil-mill  may  be  seen  in  the  Pantolooia,  vol.  viii. 

J^ortifg  of  ORDNANCE.    Till  within  a  few  years,  iron 
ordnance  were  cast  vrith  a  cylindrical  cavity,  nearly  of  the  di* 
mensions  of  the  caliber  of  the  piece,  which  was  afterwards  ein- 
larged  to  the  proper  caliber  by  means  of  steel-cutters  fixed  inU> 
the  dogJiead  of  a  boring  bar-iron.  Three  equidistant  side^cutters 
were  requisite  to  preserve  the  caliber  straight  and  cylindrical; 
and  a  single  cutter  was  used  at  the  end  of  the  bar  to  smoodi  the 
Inneech  of  the  piece.    In  boring  ordnance  cast  hollow,  the  piece 
"was  fixed  upon  a  carriage  that  could  be  moved  backwards  and 
^rwarda  in  a  direct  line  widi  the  centre  of  a  water-wheel ;  in 
this  centre  was  fixed  die  boring-bar,  of  a  sufficient  length  to 
l-each  up  to  the  breech  of  th^  piece,  or  more  properly  to  die 
furAer  end  of  the  caliber.    The  carriage  mth  the  piece  being 
drawn  backwards  from  the  centre  of  the  water-wheel  to  intro- 
ihiee  the  boring  and'finishing  bars  and  cutters,  it  is  dien  pressed 
forwards  upon  this  bar  by  means  of  levers,  weights,  &c.  and 
the  wateruwheel  being  set  going,  the  bar  and  fullers  are  turned 
round,  and  clean  out  and  smooth  the  caliber  to  its  proper  di- 
mensions. 

Saperience  at  last  pointed  out  many  inconveniences  arising 
from  the  method  of  casting  guns  hollow,  and  widening  the  cal& 
bers  by  these  boring  bar$.  For  the  body  of  iron  of  die  hoUow 
gun,  being,  at  casting,  in  contact  widi  the  core  that  made  the 
caliber  ^itbin-side,  and  widi  the  mould  without-nde,  began  to 
consolidate  towards  the^e  sides  in  the  first  place  sooner  £an  in 
die  intermediate  space,  wliere  of  comae  the  jBontraction  of  the 
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icon,  ttkes  place ;  by  which  wtiigf»  »U  guns  emt  i»ol{oiir  ll^ctBle 
more  or  leas  spotBgy  wb«re  d^y  ought  lo  h^ve  bem  pwst  com- 
pact ;  and  numberless  cavities  aJao  were  create^  rpuod  the  oores^ 
.  from  stagnated  air  generated  Ml  th^«|  ^hicb  jKpt^  top  deep  to 
be  cut  out  by  the  boring. 

,  To  remedy  these  defects,  iron  otdnance  as  ^prell  as  l^rass  }b  now 
universally  cast  solid,  by  which  means  th^  column  of  metal  19 
greatly  enlarged,  and  the  grain  more  oompresied;  an4  the  con- 
traction becomes  in  the  heart  of  the  poliuqui  ap4  copseqneDtly 
is  cot  out  by  the  perforation  for  ^e  cpdiber. 

Guns  are  bored  out  of  the  solid  reversely  firpqi  the  (loUo^ 
method.  Thje  pieoe  a  (p).  XXL)  ip  placed  upon  twp  standards 
'BB,  by  means  of  two  joiimeys,  turned  round  by  a  water* wheel; 
Ae  breech  d  being  introduced  into  the  central  Une  of  ^^e  wbeeL 
with  the  muzzle  towmds  the  sliding  carriage  u,  which  is  prefsed 
forwards  by  a  ratch  w,  and  weights  io  ibe  same  way  as  the  gnn- 
carriage  was  in  hollow»bof3ng.  Upon  this  sliding  carriage  is 
fiscd,  truly  horizontal  and  centsal  to  the  gun,  the  drilUbar  o> 
to  the  end  of  which  is  fixed  a  carp's  tonjgue  drill  or  cutter  b; 
jvrfaicbi  being  pressed  forward  upon  the  piece  whilst  it  is  tnmiag 
4round^  perforates  the  bore,  which  is  aftemards  finished  with  bars 
and  cutters  as  the  hollow  guns  ware. 

The  machinery  for  boring  of  ordnance  is  sotsetimes  put  in  mo* 
tiou  by  a  steam-engine :  and  in  this  way,  from  IQ  to  2f  great  gnn^ 
kaLve  been  boring  at  the  saane  tinie;  th^bof)^  jn  eaph  piece  bMiy 
brought  up  to  its  proper  place  ip  the  gup,  by  a  lever  and  wejghfs. 
In  this  method  of  bringing  up  the  borer  i^e  preaMre  piay  ahrayi 
Jbe  made  equable,  aQd  the  motion  of  the  borer  rfdgular;  bfittha 
disadvantage  is,  that  without  dae  ^tt^ndon  t)|e  borer  iqay  wprk 
Aip  too  for  towards  the  breech,  and  the  |He^  be  f  poilad.  In  die 
Royal  Arsepiil^t  Woolwich,  only  one  piece  |s  bored  a^  a  time 
in  the  same  mill :  the  gun  to  be  bored  lies  i^th  its  axis  ptraUel 
to  the  horizon,  and  in  that  position  is  turned  roug4  \V^  ^^P  hy 
jnieaiis  of  wbe«J-wor)c,  moved  by^  one  or  jnore  l^iyea.  The 
:borer  is  laid,  as  above  described^  in  the  dirc^tiop  of  the  axis  of 
the  gan,  and  is  incaf^aUc  of  motion  in  wf  dicectioB  except  that 
of  its  length;  aMd'in  >his  direction  it  is  constantly  moved  by 
means  of  a  small  rack-wheel,  kept  in  proper  motion  by  two 
men,  who  thus  make  the  point  of  the  borer  so  to  bear  against 
tlie  part  of  the  gun  that  v^  boring,  as  to  pierce  and  cut  it.  The 
A>ut9ide  of  the  gun  is  smidotiied  at  the  same  time  by  qien  with 
rin&trumen^  fit  for  the  purpose,  whilst  it  turns  round,  so  that  the 
*bare  may  be  exactly  in  the  centre  of  the  metaL 

In  this  way  the  boring  is  performed  with  great  nicety,  the 
guna  scarcely  ever  failing  m  the  exfunination.  ^ut  in  these  mil^ 
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I 
the  hoMts  moA  t^  grtitdinid  wtigg,  the  dmnieteri  of  the  walk> 
in  which  they  mov^  beh^  fm  too  emalL    See  the  hitrodiiclory 
pwft  of  this  vokime,  aft  76. 

.  PARALLEL  MOTiyx,  is  « term  used  ammg  practical  aie- 
chanics  to  denote  die  rectilinear  motion  of  a  piston  rod,  8ic.  io 
the  direction  of  its  length :  and  cootrifaaces  by  which  such  al- 
ternate rectilinear  motioas  are  converted  iaio  rotatory  ones,  and 
vice  versa,  b  pumps,  sleam.engiiies»  sawnniUsy  Stc.  are  nmially 
called  contrivances  for  parallel  motions. 

In  motions  of  this  kind  it  isgeneraliy  thooght  a  desiraUe  thing 
to  giv;e  the  piston  rod,  the  saw,  or  the  like,  a  mttform  vdocity 
through  the  whole  of  its  progress ;  then  to  bni^  itat  once  tprtat, 
again  tp  give  it  instantaneonsly  a  6nite  velocity  in  the  opposite 
directiai^,  and  so  on.  But  this  seems  impossible  in  nature;  all 
changes  of  motion  wUeh  we  obeerve  are  mduali  because  all 
impelling  bodies  have  some  elasticity  or  softness  by  which  they 
yield  to  compression:  and,  in  the  way  in  wUch  pistons  are 
commonly  moved,  vt2.  by  cranks,  or  something  aimlogous  to 
them,  the  motbo  is  very  Memibfy  gradual.  HMce,  it  may  be  ob- 
served that  most  attempts  to  correct  these  infiomJities  in  motion 
are  misplaced ;  and  if  they  could  be  accomplMMd  would  greatly 
injure  tlie  pump  or  other  machine.  One  of  the  best  methods  c^ 
{MToducing  this  effect  is  to  make  the  piston-rod  consbt  of  two 
parallel  bars,  having  teeth  iu  the  sides  which  front  «ach  other, 
l^et  a  toothed  wheel  be  placed  between  them,  having  only  tbe 
half  of  its  circumference  funushed  with  teeth.     It  is  evident, 
without  any  further  description,  that  if  this  wheel  be  turned 
uniformly  round  its  axis,  tbe  piston-rod  will  be  moved  uniformly 
up  and  down  without  intermission.     This  has  often  been  put 
in  practice,  and  the  piatoo^rod  made  to  work  between  grooved 
rollers ;  bi^t  the  machine  always  went  by  jolts,  and  seldom 
lasted  a  few  days.     Unskilled  mechanists  attributed  this  to  de- 
fect in  the  execution :  but  the  fault  is  essential,  and  lies  in  the 
principle.    The  machine  could  not  perform  one  stroke  if  the 
first  mover  did  not  slackmi  a  little,  or  the  different  parts  of  the 
machine  did  not  yield  by  bending,  or  by  compression ;  and  no 
strength  of  materials  could  withstand  the  violence  of  the  strains 
at  every  reciprocation  of  tbe  motion,    lliis  is  chiefly  experi- 
enced in  great  works  which  are  put  in  motion  by  a  water-wheal, 
or  some  other  equal  power  exerted  on  the  mass  of  inatter  of 
which  the  machine  consists.    The  water-wheel  being  of  gr^t 
weight  moves  with  considerable  steadiness  or  uniformity;  and 
when  an  additional  resistance  is  opposed  to  it  by  the  beginning 
of  a  new  stroke  of  the  piston,  its  great  quantity  of  motion  is  but 
little  affected  by  this  addition,  and  it  proceeds  very  litde  retarded; 
and  the  machine  must  either  yield  a  little  by  bending  and  ' 
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pfemm,  or  go  to  pieces,  wfaich  is  the  cMiinoti  event.  Crtidcs 
ai«  free  from^  this  inconvenieDce,  because  they  accelerate  the 
piston  gradually,  and  brine  it  gradually  to  rest,  while  the  water- 
wheel  moves  rouad  with  umost  perfect  uniformity.  The  only 
inconrenience  (apd  it  may  be  considerable)  attending  this  doW 
mMon  ofa  piston  at  th^  beginning  of  its  stroke  is,  that  the  calves 
do  not  shut  with  rapidity,  so  that  some  water  gets  back  through 
Ibem.  But  when  they  are  properly  formed  and  loaded,  this  is 
but  tri^ine. 

It  would  seem,  then,  that  those  contrivances  in  which  the 
piston-rod  comnmnicates  the  rotatory  motion  by  means  of  a 
crank,  or  something  similar  in  its  eifect,  are  most  fit  to  be 
adopted  in  practice;  and  &at  the  attempts  of  mechanists  in 
dris  pomt  of  view  may  in  alt  probability  be  properly  restrained 
to^the  raediods  of  keeping  the  piston-rod,  8cc.  from  deviatmg  to 
any  side,  during  its  akemate  motion.  Two  or  three  of  the  best 
methods  of  peifomiing  this,  with  which  we  are  acquainted,  are 
tbe  following. 

1.  Let  a  fixed  circular  ring  whose  diameter  is  equal  to  the 
•troke  of  tbe  piston  have  teeth  all  round  the  interior  part  of  ki 
eircnmference;  and  let  a  smaller  wheel  whose  diameter  b  only 
half  that  of  the  ring  have  equal  teeth  on  the  eotterior  part  of  it^ 
rim,  to  play  into' the  teeth  of  the  ring:  let  the  axis  of  the  wheel 
to  which  the  rotatory  motion  is  to  be  communicated  pass  through 
the  centre  of  the  larger  ring ;  and  let  a  moveable  bar  join  the 
centre  of  this  ring  to  that  of  the  smaller  wheel.  Then,  if  the 
upper  extremity  of  the  piston-rod  be  attached  to  a  pin  fixed  on 
the  rim  of  the  inner  wheel,  at  the  place  where  the  two  wheels 
are  in  contact  in  their  lowest  point,  and  the  rod  be  put  mto 
motion,  it  will  cause  the  small  wheel  to  revolve  upon  the  inner 
part  of  the  fixed  ring,  and  by  this  means  give  the  proposed 
rotatory  motion  to  the  axis  passing  through  the  centre  of  the 
ring.  At  the  same  time  the  extremity  of  the  piston-rod  will  be 
confined  to  move  in  the  vertical  diameter  of  the  ring :  because 
it  is  made  to  describe  an  epicycloid  of  that  kind  which  is  formed 
by  a  circle  rolling  along  the  inside  of  another  circle  of  double 
diameter;  m  which  case,  it  is  well  known,  the  epicycloid  be- 
comes a  diameter  of  the  larger  circle,  and  the  smaller  circle 
makes  two  complete  revolutions  while  it  is  moving  from  any 
one  point  of  the  larger  circle  to  the  same  point  aeain. 

This  contrivance  was  devised,  we  believe,  by  Mr.  White,  an 
Anglo-American.  It  is  almost  unnecessary  to  observe  that  the 
converse  is  equally  applicable  in  the  conversion  of  a  rotatory 
into  a  parallel  motion. 

2.  Another  method  is  represented  m  figure  10.  pi.  XXIIf. 
where  tbe  piston-rod  is  kept  from  deriaiion.    a  is  the  cylinder. 
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9  the  imtoOy  €  tbe  pistra-rod^  0  the  crank,  tnd  b  the  (^doaeot- 

nf  rod  of  the  ennk  and  pbton-rod.     When  the  piston  is  at  e, 

th«  cimnk  is  at  a ;  when  the  piston  is  at  b,  Uie  crank  ia  either  at 

^or  b;  and  iiAmsk  the  piston  b  at  g,  the  crank  is  at/:  so  that 

^en  the  motion  of  the  crank  is  uniform  that  of  the  piston  is 

irariable.    'I'fae  rod  h  equal  in  length  to  the  crank  d  movea 

about  the  centre  f,  and  is  jomed  to  one  end  of  the  rod  i,  to  the 

other  end  of  which  is  connected  the  socket  l  that  receives  the 

top  end  of  tlie  piston-rod.     A  certain  point  m  is  taken  at  plea* 

sure  in  the  rod  i^  to  carry  a  short  axle  for  the  rods  k,  which  are 

Woken  in  the  figure  to  shew  the  socket  l.    To  find  the  centre 

of  motion  of  the  rods  k,  move  the  end  h  of  the  rod  1  up  and. 

down  in  the  vertical  line  cfa^  and  mark  diree  positions  n,  m,  r, 

of  the  point  m  on  that  rod :  describe  a  circle  to  pass  tibrough. 

those  three  pcmits ;  its  radius  will  be  equal  to  the  length  ot.tbe 

|pods  Ky  and  its  centre  will  be  the  point  where  those  rods  must 

be  fixed  to  a  bolt  or  axle  in  the  framing.    This  contrivance 

causes  the  top  of  the  piston-rod  to  move  from  p  by  l  to  o,  and. 

kack  again  by  h  top;  and  the  dotted  lines  shew  the  position  of 

the  several  rods  at  the  extremities  of  the  motion. 

In  fig.  11.  pi.  XXUl.  we  have  given  a  horuKmtal  section,  to 
shew  the  connection  of  h,  i^  k^  &c.  pointing  out  in  what  way 
I  grasps  Ly  and  b  both.  I'he  inequality  of  t^  piston's  motion 
will  be  reduced  by  making  the  connecting  rod  e  as  long  as  cir«^ 
cumstances  will  permit. 

.  If  the  rod  i  were  extended  to  the  left  of  the  point  p,  the 
same  kind  of  apparatus  would  become  a  lever  with  a  moveable 
fukrum,  by  means  of  which  a  weight  might  be  raised  in  a  ver<- 
tical  line  from  p  to  o ;  or  a  pmup  pistou-rod  worked  without 
deviation. 

This  construction  is  described  in  a  porismatic  form,  by  Pro* 
fessor  Playfair,  in  bis  Outlines  of  Nat.  Philosophy,  vol.  i.  aft» 
355.    See  also  pi.  XXXIX.  fig.  9'  d. 

3.  A  third  method  is  exhibited  ki  fig.  8.  pi.  XXIII.  where 
there  are  three  rods  a,  b,  and  c,  besides  the  connecting,  rod  d. 
The  rods  a  and  c  are  of  equal  lengths,  and  the  connecting  redl 
m  attached  to  the  middle  point  of  t^  rod  B.  Tlie  guides  a,  and 
C9  afe  fixed  at  their  ends  £,  and  f,  by  bolts  to  the  framing. 
Thus  the  point  b,  to  which  is  fixed  the  top  of  the  pistonHTod,  is 
made  to  move  in  the  right  line  bnl/ ;  and  the  dotted  hnes  shew 
the  positions  of  the  rods  at  the  extremities  of  the  stroke.  Fi|^.  7. 
sIkws  in  what  way  the  piston-rod  p  aad  conoectnig  rod  D  nught 
be  joined  to  the  guides  b  and  c. 

This  method  and  the  preceding  were  devised  by  iir.  WilUan 
Dtydee :  a  mecbanu:  whose  ii^enuity  needb  not  ous  c^eomiuoK' 

4.  Another  mefebod  is  shewn  ia  fig.  12.  pi.  XXliL    a  and  b; 
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are  two  bolts  in  the  framio^  at  equal  distances  on  opposite  sides 
of  the  vertical  line  in  which  the  piston  is  to  move,     ac^bd, 
two  bars. of  equal  length/ each  equal  to  about  half  the  distance 
AB.    CL,  DL|  two  other  equal  bars,  rather  more  than  double 
the  length  of  the  former,  moving  freely  on  joints  at  c  and  d. 
▲t  L  is  a  socket,  as  in  %.  10.  to  receive  the  top  of  the  piston- 
rod,  and  to  which  the  bars  cl,  dl,  and  the  connecting  rod  E^ 
are  attached.     By  this  contrivance  it  is  obvious,  that  as  the 
rods  BC,  BD,  turn  upon  the  centres  A,  b,  in  contrary  directions, 
the  piston-rod  will  }^e  made  to  move  in  the  right  line  pm 
without  deviation;  nm  being  the  length  of  the  stroke.     Tbo 
relative  lensths  of  the  bars  Ac,  cl,  may  be  varied  at  plea- 
aore:  but  those  we  have  mentioned  will  be  found  as  well  as  any 
in  practice. 

5.  A  jMstonfod  may  also  be  kept  from  deviatmg  to  either 
aide,  whue  it  gives  notion  to  a  crank,  and  vice  vena,  thus : 
place  a  cross-bar  at  a  distance  from  the  end  of  tbecylinder  rather 
greater,  than  the  stroke  of  the  piston,  and  make  the  piston-rod 
play  in  a  hole  made  in  this  cross-bar ;  let  an  a^le  be  fixed  to  a 
proper  point  of  the  piston-rod  between  the  end  of  the  cylinder 
and  the  cross*bar,  and  from  this  aile  let  two  equal  connecting 
rods  pass  to  the  crank,  one  on  each  side  the  cross-bar :  by  this. 
simple  contrivance  the  alternating  and  circular  motions  may  be 
communicated  to  the  different  parts  of  the  machine  with  great 
fiicility. 

€.  A  rectilinear  verdcal  motion  may,  again,  be  produced 
dras.  Two  of  the  a^acent  angles  of  a  parallelogram  are  made 
to  describe  concentric  circles,  so  that  the  side  L>otween  them 
passes  through  their  centre,  and  one  of  the  remaining  angles 
another  circle  having  its  convexity  opposed  to  that  of  the  two 
former,  then  the  fourth  angle  of  the  parallelogram  will  describe 
a  line  that  differs  in^nsibly  from  a  straight  line.  'i1iis  construc- 
tion is  the  invention  of  Mr.  Watt,  and  now  very  common. 

PARCIEUX'S  AREOMETER.    See  Vol.  1.  art.  401,  AOB. 

PATERNOSTER.WORK.  See  Hydraulic  Engines. 
No.  5. 

PENDULUM,  In  mechanics,  any  heav}'  body,  so  suspended 
as  that  it  may  swing  backwards  and  forwards,  about  some  fixed 
point,  by  the  force  of  gravity. 

These  alternate  ascents  and  descents  of  the  pendulum  are 
called  its  oscillations,  or  vibrations;  each  complete  oscillation 
being  the  descent  Arom  the  highest  point  on  one  side  down  to 
the  lowest  point  of  the  arch,  and  so  on  up  to  die  highest  point 
OBt|ie  other  aide,  llie  point  round  which  the  pendulum  moves, 
or  vtbrataa^ia  called  its  centre  of  motion,  or  point  of  suspension ;' 
tod  a  right  line  drawn  through  the  centre  of  motion,  parallel  to 
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the  borizoDy  tnd  perpendicular  to  the  plaue  in  which  the  pen>- 
dulum  moves,  is  called  the  axis  of  oscillation.  There  13  also  a 
certain  point  within  every  pendulum,  into  which,  if  all  the  mat- 
ter that  composes  the  pendulum  were  collected,  or  condensed  as 
into  a  point,  the  times  in  which  the  vibrations  would  be  per- 
formed would  not  be  altered  by  such  condensation ;  and  this 
point  is  called  the  centre  of  oscillation.  The  length  of  the  pen- 
dulum is  always  estimated  by  the  distance  of  this  point  below 
the  centre  of  motion;  being  usually  near  the  bottom  of  the 
pendulum ;  but  in  a  slender  cylinder,  or  any  other  uniform  prism 
or  rod  suspended  at  the  top,  it  is  at  the  distance  of  one-third 
firom  die  bottom,  or  two-thirds  below  the  centre  of  motion. 

The  length  of  a  pendulum,  so  measured  to  its  centre  of  oscik> 
huion  that  it  will  perform  each  vibration  in  a  second  of  timt, 
theace  called  the  second's  pendulum,  has,  in  the  latitude  of 
JLiondoOy  been  goierally  taken  at  39  1%  or  39i  inches  ;  but  by 
sotne  very  bgenioiis  and  accurate  experiments,  the  late  cele- 
brated Mr*  George  Graham  found  the  tree  length  to  be  99  -^^ 
iaches,  or  391  indies  very  nearly. 

The  lemth  of  the  pendulum  vibrating  seconds  at  Paris  wa» 
,  fottiid  by  Varin,  Des  Hays,  De  Glos,  and  Godin,  to  be  440^ 
lines;  by  Picard  440}  lines;  and  by  Mairan  440 -J^^ lines. 

In  our  first  volume  (book  1I«  cb.  ii.),  where  the  theoiy  of 
pendulums  was  laid  down,  we  remaiked  that  the  length  of  ttie 
second  pendulum  was  different  in  different  parts  of  the  earth* 
It  vionld  not  be  easy  to  exhibit  a  completely  accurate  theorem 
for  the  length  of  the  pendulum  at  all  |Maces  on  the  earth's  sur« 
,  face :  but  besides  what  is  exhibited  in  art  US,  vol.  1.,  the  best 
and  most  simple  with  which  we  are  acowainted  was  first  giveo 
by  Mr.  Krafft  in  the  New.  Petersburgb  Memoirs,  voJ.  vii.  It  is 
this :  if  X  be  the  length  of  a  pendulum  that  swings  seconds  in 
any  given  latitude  /,  and  in  a  temperature  of  10  degrees  of 
.  ReaumuT^s  thermometer,  then  will  the  length  of  diat  pcodulun, 
for  that  latitude,  be  thus  expressed,  viz. 

X  zz  (439*178  +  2*391  sin^/)  lines  of  a  French  foot. 
V  And  this  expression  agrees  very  nearly,  not  only  with  all  the  ex« 
perimenis  made  on  the  pendulum  in  Russia,  but  also  with  those 
of  Mr.  Graham,  and  those  of  Mr.  Lyons  in  79''  50'  north  lati- 
tude, where  he  found  its  length  to  be  241*38  lines. 

Since  metals  expand  by  heat  and  contract  by  cold,  pendulums, 
wliicli  are  comtituted  chiefly  of  metal,  must  be  subject  to  varia- 
•  tions  in  consequence  of  such  expansion  and  contraction;  and 
.  various  are  the  contrivances  which  have  been  devised  to  correct 
the  errors  in  the  estimates  of  time  which  Lave  been  thus  pro- 
duced :  a  few  of  these  will  h^re  be  described, 
i.    The  vulgar  method  of  remedying. the  iucouvenience  aris'uig 
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4pom  ihe  extensioii  and  contimctioni  of  the  rods  of  common  pen- 
^shims  is  by  appiytng  the  bob,  or  small  ball,  with  a  screw, 
«t  tfie  lower  «Dd;  bj  which  means  the  pendulum  is  at  a«y 
time  made  longer  or  shorter,  as  the  ball  is  screwed  downwards 
tM*  upwards ;  and  thns  the  time  of  its  vibration  is  kept  continiudfy 
^Ke  same* 

•  The  gridiron  PBNDULtiM  was  the  invention  ofMr.  John  Har- 
tison,  a  very  ingenious  artist,  and  celebrated  for  his  invention  of 
the  watch  for  finding  the  diffiPerence  of  longitude  at  sea,  about 
Ae  year  1795 ;  and  of  several  odier  time-keepers  and  watches 
•since  lliat  time :  for  all  which  he  received  the  parliamentary  re<- 
ward  of  between  20  and  SO  thousand  pounds.  It  consists  of 
-§  rods  of  steel,  and  4  of  brass,  jjaced  in  an  alternate  order ; 
the  middle  rod  being  of  steel,  by  which  the  pendulum  ball  is 
anspoKled:  these  rods  of  brass  and  steel,  dius  placed  in  aa 
nltemate  order,  and  so  connected  with  each  other  at  their  ends, 
that  while  die  expansion  of  the  steel  rods  has  a  tendency  to 
ieng^n  the  pendulum,  the  expansion  of  the  brass  rods,  acting 
upwards,  tends  to  shorten  it.  And  thus,  when  the  lengths  of 
*rtie  brass  and  steel  rods  are  duly  proportioned,  dieir  expansions 
and  contractions  wilt  exactly  balance  and  correct  each  odier, 
and  so  preserve  the  pendulum  invariably  of  the  same  length. 
The  simplicity  of  this  ingenious  contrivance  is  much  in  its  fa- 
vour;  and  die  diflSculty  of  adjustment  seems  the  only  objection 
to  it. 

Mr.  Harrison,  m  his  first  machine  for  measuring  time  at  sea, 
applied  this  combination  of  wires  of  brass  and  steel,  to  pre- 
vent any  alterations  by  heat  or  cold;  and  in  the  machines 
or  clocks  he  has  made  for  this  purpose,  a  Ifte  method  of 
guarding  against  the  irregularities  arising,  from  diis  cause  is 
used. 

The  principal  objections  to  this  mode  of  compensation  are, 
Ist.  The. difficulty  of  exacdy  adjusting  the  lengths  of  the  rods. 
2dly.  Of  proportioning  their  thickness,  so  that  they  shall  all 
begin  to  expand  or  contract  at  the  same  instant  Sdly.  The 
connecting  bars  of  a  pendulum  thus  constructed  are  apt  to 
move  by  starts.  4thly.  This  kind  of  pendulum  is  more  ex- 
posed to  the  air's  resistance  than  a  simple  pendulum. 

Another  excellent  contrivance  for  the  same  purpose  is  de- 
scribed by  M.  Thiouty  a  French  author  on  clock-making.  It  ^ 
M'as  used  in  the  north  of  England  by  an  ingenious  artist  about 
50  years  ago.  This  invention  is  as  follows :  a  bar  of  the  same 
metal  with  the  rod  of  the  pendulum,  and  of  the  same  dimen- 
sions, is  placed  against  the  back  part  of  the  clock-case :  froHi 
the  top  of  this  a  part  projects,  to  which  the  upper  part  of  tbe 
pendulum  is  connected  by  two  fine  pliable  chains  or  silken 


Digitized  by 


Google 


Peniwhmsi  €8Y 

strings,  ^which  just  below  pass  between  two  plales  of  brasi^ 
whose  lower  edges  will  always  terminate  the  length  of  the  pen* 
dulum  at  the  upper  ead«  These  plates  are  supported  on  a  p^ 
destal  £xed  to  the  back  of  the  case.  The  bar  rests  upon  aa 
immoveable  base  at  the  lower  part  of  the  case,  and  is  inserted 
into  a  groove;  by  which  means  it  is  always  retained  in  the 
same  position.  From  this  construction,  it  is  evident  that  the 
extension  or  contraction  of  this  bar,  and  of  the  rod  of  the 
pendidum,  will  be  equal,  and  in  contrary  directions*  For,  si^k 
pose  the  rod  of  the  pendulum  to  be  expanded  any  .given  quaa* 
tity  by  heat  y  then,  as  the  lower  end  of  the  bar  rests  upon  i| 
fixed  point,  the  bar  will  be  expanded  upwards,  and  raise  the 
upper  end  of  the  pendulum  just  as  much  as  its  length  was  in^ 
creased ;  and  hence  its  length  below  die  plates  will  be  the  same 
as  before. 

In  Voigt's  Magazin  fuer  den  nevesten  Zustande  de  Na- 
turkunde,  vol.  iv.  are  described  the  sridiron  pendulums  of  Mr^ 
Benzenbergy  which  are  composed  oTlead  andiron.  Mr«  B*  was 
induced  to  employ  lead  on  account  of  its  gre^  dilatabiUty,  whieb 
is  to  iron  as  2'57  to  1,  so  that  16*5  inches  of  lead  compensate 
1*3  of  iron;  and  he  chose  iron  in  preference  to  steel,  because 
eaaier  to  work.  The  compensation  was  made  by  a  single  rod 
in  the  centre,  16^  inches  Ions,  French  measure,  and  half  an  inch 
thick.  It  was  simply  pinned  into  gorges  in  the  cross-piece  of 
capper  ;  but  the  other  parts  of  the  gridiron  were  rrvetted  in  the 
usual  way.  The  iron  rods  were  made  of  the  best  thick  iron 
wire. 

The  materials  of  this  pendulum  are  cheap,  and  it  may  be 
made  in  a  couple  of  days.  As  the  pressure  takes  place  in  a 
vertical  direction,  diere  is  no  danger,  according  to  Mr.  B.,  of 
rods  of  these  dimensions  bending. 

^  To  correct  the  compensation,  the  central  rod  of  lead  must  be 
left  so  lon^  that  we  may  be  sure  the  compensation  is  in  excess. 
The  quanuty  of  error  may  then  be  found  by  the  freezing  appa- 
ratus, and  how  mudi  it  is  requisite  to  cut  from  the  rod  may  be 
calculated  with  the^eatest  exactness. 

The  mercurial  pendulum  was  the  invention  of  the  ingenious 
Mr.  Graham,  in  consequence  of  several  easperiments  relating  t9 
the  materiab  of  which  pendulums  might  be  formed,  in  1715. 
Its  rod  is  made  of  brass,  and  branched  towards  its  lower  end, 
so  as  to  embrace  a  cylindric  glass  vessel  13  or  14  inches  loQg, 
and  about  2  inches  diameter;  which  bemg  filled  about  12 
inches  deep  with  mercury,  forms  the  weight  or  ball  of  the  pen^ 
dulum.  If  upon  trial  the  expansion  of  the  rod  be  found  too 
^eat  for  that  of  the  mercury,  more  mercury  must  be  poured 
into  the  vessel :  if  t^e  ei^paiision  of  the  mercury  exceeds  thai; 
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of  the  rod^  so  as  to  occasibn  the  dock  to  go  fast  with  beat^ 
some  inercufy  must  be  taken  oat  of  the  vessel,  so  as  to  shorten 
the  column.  And  thus  may  the  expansion  and  contraction  of 
the  quicksilver  in  the  glass  be  made  exactly  to  balance  die 
expansion  and  contraction  of  die  pendulum  rod,  so  as  to  pre- 
serve the  distance  of  the  centre  of  oscillation  from  the  point  of  ' 
susfjention  invariably  the  same. 

t  Mr.  Graham  made  a  ckxJc  of  this  sort,  and  comj^ired  it  with 
one  of  the  best  of  the  common  sort,  for  three  years  together;  when 
he  found  die  errors  of  his  bnt  dlniat  one  eighth  part  of  Aose  of 
the  latter.     Pbilos«  Trans,  mimb.  393. 

The  only  defect  we  havecfer  beard  ascribed  to  this  pendulnm, 
is  that  the  expansion  of  die  asercnry  coaunences  sooner  dian  that 
of  die  rod ;  but  after  aO,  d^n  are  anay  strong  proofs  of  its 
practical  exceDenoe. 

The  leoer  pendulum.  From  all  diat  appears  conceriung 
diis  construction  of  a  pendahmi,  we  are  inclined  to  believe  that 
the  idea  of  making  die  diffefwce  of  the  expansion  of  different 
nietals  operate  1^  aseans  of  a  lever  originated  with  Mr. 
Graham,  who  iar  tba  vaar  nS7  eonstmcted  a  penduhim, 
havrog  its  rod  composed  of  OM  bar  of  steel  between  two  of 
brasSy  whidi  acted  upon  the  short  end  of  a  lever,  to  the  other 
end  of  wUch  the  bdl  or  vre^bt  of  the  peadulam  was  sos- 
pended. 

This  pendnlam  however  was^  anon  trial,  found  to  move  by 
jerks;  and  therefbre  fandaaidaby  the  inventor,  to  make  way  for 
the  mercurial  penduluni,  just  meadoned. 

Mr.  Short  informs  us  m  the  Pbitos.  Trans.  voL  47,  art  88, 
that  a  Mr.  Fotheringbam,  a  qaaker  in  Lincolnshire,  caused  a 
penduhim  of  this  kinl  to  be  made;  it  consisted  of  two  bars,  one 
of  brass,  and  the  other  of  steel,  fcsteoed  together  by  screws, 
with  leveft  to  raise  or  let  dowv  the  bulb ;  above  which  these 
levers  were  placed.  M.  Omini  too,  in  die  History  of  the 
Royal  Academy  of  Scieacea  at  Ptaris,  for  1741,  describes  two 
sorts  of  pendtrioma  for  doeks^compoanded  of  barsof  brass  and 
steel ;  and  in  which  fee  applies  a  lever  to  raise  or  let  down  the 
bulb  of  die  pendulum,  by  the  expansioB  or  contraction  of  the 
bar  of  brass. 

Mr.  John  Ellicott  also,  in  die  year  I7SS»  constructed  a  pen« 
dulum  on  the  same  principle,  but  diffMrin^  from  Mr.  Graham  s 
in  many  particukrs.  The  rod  of  Mr.  Elbcott's  pendulum  was 
composed  of  two  bars  only ;  the  one  of  brass  and  the  other  of 
steel.  It  had  two  levers,  each  sustaining  its  half  of  die  ball  or 
weight ;  with  a  spring  under  the  lower  part  of  the  ball  torelieve 
the  levers  from  a  considerable  part  of  its  weight,  and  so  to  ren- 
der  their  motion  more  ansoodi  and  easy.    The  one  lever  in  Mr. 
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Graham^s  construction  was  above  the  ball :  Mrhereas  both  the 
]evers  in  Mr.  Ellicott's  were  within  the  ball ;  and  each  lever  had 
an  adjusdnfi:  screw,  to  lengdien  or  shorten  the  lever,  so  as  to 
render  the  adjustment  the  more  perfect.  See  the  Philos.  Trans, 
vol.  47,  p.  479 ;  where  Mr.  Ellicott's  methods  of  construction 
-are  described,  and  illustrated- by  figures. 

Notwithstanding  the  great  ingenuity  displayed  by  these  emi* 
nent  artists  on  this  construction,  it  mu)9t  further  be  observed,  iir 
the  history  of  improvements  of  this  nature,  that  Mr.  Cum^ 
ming,  another  eminent  artist^  has  given,  in  his  Essays  on  the 
Principles  of  Clock  and  Watch-work,  Lond.  1766,  an  ample 
description,  with  plates,  of  a  construction  of  a  pendulum  with 
levers,  in  which  it  seems  he.  has  united  the  properties  of  Mr. 
Graham's  and  Mr.  Ellicott's,  without  being  Kable  to  any  of  the 
defects  of  either.  The  rod  of  this^  pendulum  is  composed  oC 
one  flat  bar  of  brass,  and  two  of  steet:  he  uses  three  levers 
within  the  ball  of  the  pendulum ;  and,  among  many  other  in^ 
genious  contrivances,  for  the  more  accurate  ac^ustnig  of  this 
penchilum  to  mean  time,  it  is  provided  with  a  small  ball  and 
screw  below  the  principal  ball  or  wei^,  one  entire  revolution 
of  which  on  its  screw  will  only  alter  the  rate  of  the  clock's  going 
one  second  per  day ;  and  its  circumference  is  divided  into  30, 
one  of  which  dinsioos  will  dierefore  alter  its  rata  of  going  one 
second  in  a  month. 

Mr*  Edward  Troughlon  has  lately  invented  a  tubular  pendu- 
lum, which  acts  on  the  principle  of  the  gvidiron  pendulum  :  in 
this  construction  the  appa^nt  rod  is  a  tube  of  brass  reaching 
from  the  bob  nearly  to  the  top ;  diis  contains  another  tube  and 
five  wires  in  its  belly,  no  difiposed  as  to  produce  altogether  (like 
the  nine-bar  gridiron  of  Harrison)  three  expansions  of  steel 
downwards,  and  two  of  bmss  upwards ;  whose  lengths  being 
inversely  proportioned  to  their  dilatation,  when  properly  com- 
bined, destroy  the  whole  effect  that  either  meftal  would  have 
singly.  The  small  visible  part  of  the  rod  near  the  top  is  a  brass 
tube,  whose  use  is  to  cover  the  upper  end  of  the  middle  wire, 
whidi  is  single,  and  otherwise  unsupported*  Drawings  of  this 
pendulum  may  be  seen  in  Nickolson'8  Journal,  No.  36.  N.  S. 

For  another  ingenious  compensation  pendulum  of  steel  and 
zinc,  by  Mr.  Adam  Reid,  we  refer  to  the  article  Pbnoulum  in 

thePANTOLOGlA. 

After  all,  so  long  as  the  vibration  of  pendulums  is  performed 
in  a  medium  of  varying  density,  we  must  not  look  for  an  accu- 
rate time-piece  for  ascertaining  the  longitude,  &c. ;  unless  a 
self-correcting  mercurial  penduium  could  be  oomrived,  adapted 
to  counteract  the  smallest  variations  ^Eected  by  the  ambient 
air.    Tbe  errors  of  a  time-piece  are  but  half  corrected  by  the 
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fabrication)  of  |>endiildii)8  adapted  to  obviate  tbe  etpitiuiotl  i>t 
nietals  by  increase  of  temperature,  if  the  works  them^elTes  still 
remain  constructed  of  such  expansible  materials.  A  correct 
time-piece,  therefore,  will  be  that  of  which  not  only  the  worka 
and  pendulum  a^  constructed  of  the  least  expansible  materials,' 
,but  the  pendulum  itself  shall  vibrate  in  a  medium  of  unalterable 
density ;  a  desideratum  only  to  be  obtained  by  causing  die  vibra^ 
tions  to  be  performed  in  vacuo ^  or  by  a  self-correcting  pendu^ 
lum,  as  above  alluded  to.  Mr.  G.J.  Wright,  of  Kennmgton, 
who  has  some  observations  on  this  subject  in  Tilloch's  Phiio- 
sophical  Magaadne,No.57.says  the  best  substance  to  compose 
die  works  of  a  correct  time-keeper  is  itory,  or  the  horn  of  the 
narwhal  or  sea-unicorn  (which  is  almost  entirely  composed  of 
enamel);  especially  if  any  means  were  known  of  increasing  their 
hardness  so  as  to  vie  vtdth  tbe  metals. 

The  most  general  remedy  against  the  chief  Bi<:onveniences  of 
^ndulums,  is  to  make  thenli  long^  to  vibrate  in  small  arcs,  and 
to  have  the  bobs  as  ponderous  as  is  consistent  M'ith  the  structure 
of  the  machine.  In  those  <;ases  where  it  is  wished  to  increase 
the  time  of  vibration  without  increasii^  the  length  of  the  pen- 
dulum, recourse  may  be  had  to  the  angular  pendulum,  the 
theory  of  which  has  been  given  in  art.  Sli,  vol.  I. ;  or  to  the 
pendulum  formed  of  a  slender  cylinder  with  a  ball  at  each  end,- 
and  a  contrivance  for  a  moveable  centre  of  motion,  as  already 
explained  in  the  same  article  of  the  first  volume.  Akin  to  this 
is  the  contrivance  described 'by  M.  Prony,  at  p.  229,  Comnais* 
sance  des  Terns  pour  Fan  1817. 

Hydraulic  pendttlum,  a  simple  contrivance  by  which  die 
rectilinear  motion  of  flowing  motion  is  made  to  communicate 
an  alternating  motion. 

The  hydraulic  pendulom  of  Perrault  (pi.  XXXVIII.  fig.  4m 
and  snpp.  b)  is  a  chest  or  cask  Abcd  moveable  on  two  pivots  m, 
and  divided  into  two  parts  by  the  partition  CD.  When  the 
bottom  AB  of  this  vessel  is  horizontal,  the  water  from  the 
source  m  falls  on  c  the  middle  of  the  partition.  Immediately 
it  becomes  inclined,  the  water  falls  into  the  part  such  as  it, 
elevated  above  the  horizon  ;  this  part  of  the  vessel  increases  in 
weight  in  proportion  as  it  fills  with  water ;  when  it  is  full  the 
entire  vessel  turns  on  its  axis,  and  the  water  from  the  source 
falls  in  the  part  AC  of  the  vessel,  which  in  consequence  fiHing 
up,  the  weight  causes  it  to  oscillate :  this  oscillatory  motioa 
will  be  common  to  a  pendulum  bar,  or  to  any  other  bo<fy  at* 
tached  to  the  double  vessel. 

In  the  hydraulic  pendulum  of  M.  Boitias  (pi.  XXXVIII. 
fig.  4  e),  there  is  placed  at  the  inferior  extremity  of  a  pendulum 
a  very  large  floaUboard^  moveable  on  pivots  which  turn  on  the 
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paraHel  branches  of  a  frame  fixed  to  die  pendulam.  This  float* 
board  will  assume  alternately  the  vertical  and  the  horizontal  po- 
sition. In  the  first  it  plunges  into  the  stream  and  receives  the 
impulsion  of  the  water ;  the  float-board  moves  with  the  pendu- 
lum,  and  having  reached  th^  lowest  point  of  its  oscillation,  a 
counterweight  causes  it  to  turn  on  its  pivot  and  gives  it  the  ^ 
horizontal  position  :  then  the  pendulum,  the  weight  of  which  is 
no  longer  counterbalanced  by  the  action  of  the  water,  takes  as 
^ell  as  the  float-board  the  horizontal  position,  and  commences  a 
new  oscillation.  Instead  of  employing  a  counterweight  to  open 
and  shut  the  float-board,  there  may  be  employed  two  cords  at« 
tached  to  fixed  points  and  to  the  float-board;  these  threads 
stretched  by  the  pendulum  will  draw  the  float-board  at  the  be- 
ginning and  end  of  the  oscillation,  and  cause  it  to  assume  suc- 
cessively its  horizontal  and  vertical  positions.  The  hydraulic 
pendulum  does  not,  like  the  common  pendulum,  oscillate  on 
Dodi  sides  of  the  vertical,  but  simply  on  one*  It  moves  on 
towards  that  side  to  which  it  is  impelled  by  the  motion  of  the 
water,  till,  reaching  the  highest  point  of  its  oscillation,  the  float^ 
board  opens,  and  the  whole  is  brought  back  by  its  own  weight 
to  the  vertical  position ;  in  that  position  the  float-board  again 
closes  the  frame,  and  the  impulsion  of  the  water  upon  it  causes 
it  to  oscillate  again.    And  so  on. 

PENSTOCK  is  a  sluice  or  floodgate,  serving  to  retain  or 
let  go  at  pleasure  the  water  of  a  mill-pond.  The  following  is 
a  description  of  a  pentrough  and  stock  for  equalising  the  water 
falling  on  water-wheels,  by  George  Quayle,  esq. 

To  insure  a  regular  supply  of  water  on  the  wheel,  and  to  ob- 
viate the  inconveniences  arising  from  die  usual  mode  of  deliver- 
ing it  from  the  bottom  of  the  pentrough,  this  method  is  devised 
of  regulating  the  quantity  delivered  by  a  float,  and  taking  die 
whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  (Plate  XVI.  fig.  4.)  A,  die  en- 
trance of  the  water,  b,  the  float,  having  a  circular  aperture  in 
the  centre :  in  which  is  suspended  c,  a  cylinder,  running  down 
in  the  case  b  below  the  bottom  of  the  pentrough.  This  is 
made  water  tight  at  the  bottom  of  the  pentrough  at  f,  by  a 
leather  collar  placed  between  two  plates,  and  screwed  down  to 
the  bottom. 

The  cylinder  is  secured  to  the  float  so  as  to  follow  its  rise  and 
fall ;  and  the  water  is  admitted  into  it  through  the  opening  in 
its  sides,  and  there,  passing  through  the  box  or  case  e,  rises  and 
issues  at  G  on  the  wheel.  By  this  means,  a  uniform  quantity  of 
water  is  obtained  at  g;  which  quantity  can  be  increased  or  dimi- 
nished by  the  assistance  of  a  small  rack  and  pinion  attached  to  the 
cylinder,  which  will  raise  or  depress  the  cylinder  above  or  under 
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the  water  line  of  the  float }  and,  by  raising  it  up  to  the' tbp^  it 
stops  the  water  entirely,  and  answers  the  purpose  of  the  coaimoa 
shuttle.  This  pinion  *is  turned  by  the  handle  h,  similar  to  a 
winch-handle ;  and  is  secured  from  running  down  by  a  ratchel* 
wheel  at  the  opposite  end  of  the  pmion  axis. 

K  and  L  are  two  upright  rods  to  preserve  the  perpendicular 
rise  and  sinking  of  the  float,  running  through  the  floaty  and  ^e^ 
cured  at  the  top  by  brackets  from  the  sides. 

Uf  a  board  let  down  across  the  pentrough  nearly  to  the 
bottom,  to  prevent  the  horizontal  imptuse  of  the  water  from  dis- 
turbing the  float. 

Fig.  5*  A  transverse  section,  shewing  the  mode  of  fixing  the 
rack  aud  pinion,  and  their  supports,  on  the  float.  Tlie  rack  is 
inserted  into  a  piece  of  metal  running  across  the  cylinder  near 
the  top.  That  the  water  may  pass  more  freely  when  nearly  ex« 
)iausted,  the  bottom  of  the  cylinder  is  not  a  plane,  but  is  cat 
away  so  as  to  leave  two  feet,  as  at  c,  fig.  4.  The  float  is  also 
kept  from  lying  on  the  pentrough  bottom  by  four  small  feet ;  so 
that  the  water  gets  under  it  regularly  from  the  first. 

Fig.  6.  An  enlarged  view  of  the  cylinder,  shewing  the  rack 
Itnd  ratchet-wheel,  with  the  click,  and  one  of  the  openings  on 
the  side  of  the  cylinder :  the  winch  or  handle  being  on  the  oppo- 
site side,  and  the  pinion,  by  which  the  rack  is  raised,  inclosed  ia 
a  box  between  them.  (Transactions  of  the  Society  of  Arts,  vol. 
XI.A.D.  1793.) 

PERSIAN-WHEEL.    See  Hydraulic  E/igine^.  Na4. 

PILE-ENGINE,  a  machine  by  which  piles  are  driven  into 
die  earth  for  the  foundations  of  piers  and  other  structures. 

In  pile-engines  the  contrivance  consists  in  drawing  up  a  great 
we^ht,  called  a  ram  or  hammer,  to  a  nwderate  height,  and  then 
letting  it  fall  freely  with  a  considerable  momentum  upon  the 
bead  of  the  pile.  In  the  most  simple  pile  engines  the  ram  is 
drawn  up  by  men  pulling  at  a  cord  running  over  a  fixed  pulley, 
and  sufi'ering  the  cord  to  slip  from  their  hands  when  the  weight 
is  sufiiciently  elevated.  Among  more  complex  engines,  the  best 
we  have  seen  are  those  invented  by  Mr.  Vauloue  and  by  Mr. 
S.  Bunce. 

Description  of  Vauloue\  pile-engine.  (See  pi.  X  X II.)  a  is 
a  great  upright  shaft  or  axle,  ou  which  are  the  great  wheel  b 
and  the  drum  c,  turned  by  horses  Joined  to  the  bars  s,  s. 
The  wheel  b  turns  the  trundle  x,  on  the  top  of  whose  axis  is 
the  fly  o,  which  serves  to  regulate  the  motion,  as  well  as  to  ace 
against  the  horses,  and  to  keep  thenv  from  falling  when  the 
heavy  ram  q  is  discharged  to  drive  the  pile  p  down  into  the 
mud  in  the  bottom  of  the  river.  The  drum  c  is  loose  upon 
the  shaft  A,  but  is  locked  to  the  wheel  b  by  the  bolt  y.     Ou 
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tUd  drum  the  great  rope  hh  is  wound;  one  end  of  die  rope 
.being  fixed  to  the  drum  and  the  other  to  the  follower  g,  to 
Mrhich  it  is  conveyed  by  the  pulleys  i  and^K.  In  the  follower  g  is 
contained  the  tongs  f,  that  take  hold  of  the  ram  q  by  the  staple 
B  for  drawing  it  up.  n  is  a  spiral  or  fusee  fixed  to  the  drum, 
on  which  is  wound  the  small  rope  t  that  goes  over  the  pulley  u, 
under  the  pulley  v,and  is  fastened  to  the  top  of  the  frame  at  7. 
To  the  pulley-bloc^  v  is  hung  the  coiinterpoise  w,  which  hinders 
the  follower  a  from  accelerating  as  it  goes  down  to  take  hold 
of  tiie  ram ;  for  as  the  follower  tends  to  acquire  .velocity  io 
its  descent,  the  line  t  winds  dowpiwards  upon  the  fusee  on 
a  larger  and  larger  radius,  by  which  means  the  counterpoise  w 
acts  stronger  and  stronger  against  it;  find  so  allow3  it  to  ^ome 
down  with  only  a  moderate  and  uniform  velocity.  The  bolt  y 
jocks  the  drum  to  the  great  wheel,  being  pushed  upward  by 
the  small  lever  2,  which  goes  through  a  mortise  in  the  shaft  h^ 
''turns  upon  a  pin  in  the  bar  3,  fixed  tp  the  great  wheel  b,  and 
has  a  weight  4,  which  always  tends  to  push  up  the  bolt  y 
through  the  wlieelinto  the  drum.  ;l  is  the  great  lever  turning 
on  the  axis  m^  and  resting  upon  the  fprcibg  bar  5^  5,  whica 
spes  through  a  hollow  in  the  shaft  k,  and  bears  up  the  l^ttl^e 
|ever  2i     " 

By  the  horses  going  round^  die  gi:eat  rope  h  is  wound  about 
the  drum  c,  and  the  ram  q  is  drawn  up  by  the  totigs  f  in  the 
follower  o,  until  the  tongs  come  between  the  inclined  planes  e^ 
^yhich  by  shutting  the  tonjgs  at  the  top,  opens  it  at  the  foot,  an^ 
discharges  the  ram,  which  falls  down  between  the  guides  b1^ 
upon  the  pile,  p,  and  drives  it  by  a  few  strokes  as  far  into  the 
mud  as  it  >yill  go;  aJFter  which,  die  top  part  is  sawed  off  close 
to  the  mild  by  an  engine  for  that  purpose.  Immediately  after 
the  ram  is  discharged,  the  piece  6  upon  the  follower  G  takes 
bold  of  the  ropes  aa^  which  raise  the  end  of  Ae  lever  l,  and 
-cause  its  end  n  to  descend  and  press  down  the  forcing  hair  5 
upon  the  little  lever  2,  which  by  pulling  down  the  bolt  T^ 
unlocks  the  drum  c  from  the  great  wheel  b  ;  and  then  the 
follower  being  at  liberty  comes  down  by  its  own  weight  to  the 
ram ;  and  the  lower  ends  of  the  tongs  slip  pver  the  staple  ^ 
and  the  weight  of  their  heads  causes  them  to  fall  outwanl  and 
shut  upon  it.  Then  the  weight  4  pushes  up  the  bolt  t  into  the 
drum,  which  locks  it  to  the  great  wheel,  and  so  the  ram  is  drawn 
"up  as  before. 

As  the  follower  comes  down,  it  causes  the  drum  to  tiun  back* 
ward,  and  unwinds  the  rope  from  it,  whilst  the  horses,  great 
wheel,  trundle,  and  fly,  go  on  with  an  uninterrupted  motion;  and 
as  the  drum  is  turned  backward,  the  counterpoise  w  is  drawfi 
up;  and  its  rope  t  wound  upon  the  spiral  fusee  0. 
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There  are  several  holes  in  the  under  side  of  the  drum,  wad  the 
bolt  Y  always  takes  the  first  of  them  that  it  finds,  when  die 
drum  stops  by  the  falling  of  the  follower  upon  the  ram;  un^l 
M^hich  stoppage  the  bolt  has  not  time  to  slip  into  any  of  the 
holes. 

The  peculiar  advantages  of  this  engine  are,  that  the  weight 
called  the  ram,  or  hammer,  may  be  raised  with  the  least  force ; 
that,  when  it  is  raised  to  a  proper  height,  it  readily  disengages 
itself  and  falls  with  the  utmost  freedom ;  that  the  forceps  or 
tongs  are  lowered  down  speedily,  and  instantly  of  themselves 
again  lay  hold  of  the  ram  and  lift  it  up. 

This  engine  was  placed  upon  a  barge  on  the  water,  and  so 
was  easily  conveyed  to  any  plaoe  desired.  The  ram  was  a  toa 
weight ;  and  the  guides  bb,  by  which  it  was  let  fall,  were  30  feet 
high. 

Description  of  Bunce*s  Pile-engine. 

Fig.  1  and  2.  plate  XXII.  represent  a  side  and  front  section 
of  the  machine.  The  chief  parts  are,  A,  fig.  1.  which  are  two 
endless  ropes  or  chains,  connected  by  cross  pieces  of  iron,  b 
(fig.  2.),  corresponding  with  two  cross  grooves  cut  diametrically 
opposite  in  the  wheel  c  (fig.  1.},  into  which  they  are  received; 
find  by  which  means  the  rope  or  chain  A  is  carried  round,  fhk 
is  a  side-view  of  a  strong  wooden  frame  moveable  on  the  axis  h. 
D  is  a  wheel,  over  which  the  chain  passes  and  turns  within  at 
the  top  of  the  frame*  It  moves  occasionally  from  F  to  o  upon 
the  centre  h,  and  b  kept  in  the  position  f  by  die  weight  i 
fixed  to  the  end  k.  In  fig.  3.  l  is  the  iron  ram,  which  is  con- 
pected  with  the  cross  pieces  by  the  hook  m.  n  is  a  cylindrical 
piece  of  wood  suspended  at  the  hook  at  o,  which,  by  sliding 
freely  up  the  bar  that  connects  the  hook  to  the  ram,  always 
brings  the  hook  upright  upon  the  chain  when  at  the  bottom  of 
the  machine,  in  the  position  of  gp.     See  fig.  1. 

When  the  man  at  s  turns  the  usual  crane-work,  the  ram  being 
connected  to  the  chain  and  passing  between  the  guides,  is  drawn 
]up  in  a  perpendicular  direction;  and  when  it  is  near  the  top  of 
(lie  machine^  the  projecting  bar  q  of  the  hook  strikes  against  a 
cross  piece  of  wood  at  r  (fig.  1.},  and  consequently  discharges 
the  ram;  while  the  weight  I  of  the  moveable  frame  instantly 
draws  the  upper  wheel  into  the  position  shewn  at  f,  and  keeps 
the  chain  free  of  the  ram  in  its  descent.  The  hook,  while  de- 
scending, is  prevented  from  catching  the  chain  by  the  wooden 
piece  N :  for  that  piece  being  specifically  lighter  than  the  iroa 
weight  below,  and  moving  with  a  less  degree  of  velocity,  canQOt 
come  into  contact  with  tlie  iron  till  it  is  at  the  bottom  and  the 
ram  stops.  It  then  falls,  and  again  connects  the  hook  with  the 
chain,  which  draws  up  the  ram  as  before* 
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In  this  inachinei  ai  well  as  Vauloue's,  the  motion  of  the  ^rst 
wheel  18  uninteimpted,  so  diat  very  little  time  is  lost  in  the 
operation:  with  a  slight  alteration  it  might  be  made  to  work 
with  horses.  It  has  the  advanta|;e  over  Vauloue's  engine  in 
point  of  simplicity;  it  may  be  origmally  constructed  at  less  ex- 
pence,  and  is  not  so  liable  to  be  deranged.  Both,  however,  are 
ingenious  performances,  and  part  of  their  construction  might 
be  advantageously  introduced  into  other  machines. 

PIPES,  for  conveying  of  water,  for  pumps,  water-engines^ 
8lc.  are  usually  of  lead,  iron,  earth,  or  wood :  the  latter  are  usually 
made  of  oak  or  elder.  Those  of  iron  are  cast  in  forges;  their 
usual  length  is  from  six  to  eight  feet:  several  of  these  are 
commonly  fastened  together  by  means  of  four  screws  at  each 
iend,  with  leather  or  old  hat  between  them,  to  stop  the  water. 
Those  of  earth  are  made  by  the  potters ;  these  are  fitted  into 
one  another,  one  end  bemg  always  made  wider  than  the  other. 
To  join  them  the  closer  and  prevent  their  breaking,  they  are 
.covered  with  tow  and  pitch:  their  length  is  usually  about  that  of 
the  iron  pipes.  The  wooden  pipes  are  trees  bored  with  large 
iron  augers  of  different  sizes,  beginning  with  a  less,  and  then 
proceedmg  with  a  larger  successively;  die  first  being  pointed, 
the  rest  being  formed  like  spoons,  increasing  in  diameter  from 
one  to  six  inches  or  more :  ^the  pipes  are  fitted  into  the  extre- 
mities of  each  other  (as  represeuteid  in  pi.  XXIL  fig.  1.),  and 
are  sold  by  the  foot. 

Wooden  pipes  are  bored  either  by  a  borer  advancing  horir 
zontally  while  the  wood  to  be  pierced  is  turned  round,  in  some 
such  manner  as  in  boring  of  ordnance ;  or,  by  causing  the 
timber  to  be  gradually  advanced,  while  the  borer  turns  round : 
the  latter  method  is  die  most  common.  The  apparatus  most 
frequently  adopted,  when  the  first  mover  is  a  stream  of  water, 
is  that  invented  by  M.  Morel,  and  described  by  Belidor  (Archi* 
tecture  Hydraulique,  tom.  I.)  This  machinery  is  represented  at 
pi.  XX Hi  fig.  1.  where  the  vertical  wheel  a  is  put  mto  motion 
py  water  descending  upon  it  through  a  trough  or  sloping  canal : 
upon  the  horizontal  axle  of  this  wheel  is  a  cog-wheel  b,  which 

gves  motion  to  the  lanterns  c,  d,  the  common  axiv  of  these 
ntems  being  in  a  vertical  position.  The  lantern  d  turns  at 
the  same  time  two  cog-wheels  e  and  f  :  the^  first,  £,  which  is 
vertical,  turns  the  auser  that  bores  the  wood:  and  die  second, 
F,  which  is  horizontal  has  attached  to  it  by  a  pin  which  is  at  a 
small  distance  from  its  centre,  a  lever  or  arm  h,  with  a  hook  at 
its  end,  taking  into  the  indentations  of  one  of  the  wheels  of  the 
carriage  that  carries  the  wood  to  be  bored.  Another  lever,  i, 
hanging  upon  the  former,  is  prevented  from  falling  by  a  spring, 
and  pushes  by  its  eiUremity  against  the  notches  of  the  lower  end 
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of  tlie'same  wbeel.  Thus,  as  the  cog-wheel  turns  round,  the 
carriage-wheel  is  first  pulled  forward  by  the  hook  and  lever  h, 
and  then  pushed  backward  as  far  by  the  arm  i ;  by  this  means 
causing  a  pinion  upon  the  asle  of  the  carriage-wheel  to  advance 
the  rackwork  above  it,  together  with  the  timber  to  be  bored :  so 
that  the  timber  is  advanced  by  a  slight  reciprocating  motion  of 
the  carriage.  The  auger,  being  generally  some  feet  in  length, 
plays  in  holes  in  two  pieces  l,  l,  which  retain  it  in  its  hori- 
sontal  position;  and  thus  it  forms  a  cylindrical  cavity  ia  the 
wood,  as  required. 

For  an  account  of  the  ingenious  method  of  boring  stone  pipes 
employed  at  the  Fox-Hill  Quarry,  in  Gloucestershire,  see  the 
krticle  pipe  in  the  Pantolooia. 

PLANET  WHEELS  are  wheels  by  whose  mutual  connection 
a  variable  angular  motion,  such  as  that  of  tlie  radius  vector  of  a 
planet  in  its  orbit,  may  be  exhibited.  The  comm6n  contrivance 
now  in  use  for  this  purpose  was  invented,  we  think,  by  Desa- 
guliers:  it  consists  of  two  elliptical  wheels  connected  either 
by  teeth  running  into  each  other,  or  by  a  band  ;  these  wheels 
revolve  on  their  foci,  and  while  the  driving  ellipses  mdv^ 
tmiformly,  the  radius  vector  of  the  other  has  the  recjuirecl 
motion. 

A  much  older,  and  at  the  same  Ume/ar  better^  mediod  than 
that  of  Desaguliers,  is  described  id  the  first  voluqie  of  the 
Recneil  des  Machines  et  Inventions  approuv6es  par  I'Acad* 
'  Roy.  des  Sci.  1699:  it  was  the  invention  of  M.  Jolt  de  Dijon. 
The  following  account  of  diis  method  is  translated  from  the 
work  just  mentioned.  .      .         ,     ; 

If  It  be  desired  to  move  a  wheel  of  24  teeth  by  a  pinion  of 
6,  in  such  u manner  that  in  some  parts  of  its  revolution  it  shall 
move  as  swiftly  as  if  it  had  but  tiyelve  teeth,  Und  iii  other  parts 
as  slowly  as  if  it  had  48  teeth,  the  n)^thod  of  accomplishing  thb 
is  as  follows:  •  •  i    . 

1.  Describe  the  rectangle  lmno  (fig.  1.  pi.  XXIII.)  having 
its  side  no  equal  to  the  radii  of  the  great  wheel  and  the  plnioti 
taken  together,  and  its  breadth  ln  equal  to  their  thickness; 
which  last  must  be  greater  the  more  con^derable  the  inequality 
of  the  proposed  movement.  Let  No  be  ao  divided  vH  q,  that 
QO  may  be  to  qn  as  6  to  48,  that  is  to  -say,  reciprocally  as  tbia 
velocity  of  the  {nnion  to  the  greatest  velocity  of  the  wheeL  Also 
divide  LM  in  p  in  the  proportion  of  6  to  12,  or  reciprocally  as 
the  velocity  of  the  pinion  to  the  least  -velocity  of  the  wheel 
Theu  join  pg,  and  draw  as  many  lines  SR  parallel  to  |;m,  as 
there  are  mteuded  to  be  teeth  in  the  great  wheels;  upon  yi^ich 
write  the  degrees  of  velocity  they  express,  which  are  in  the 
inverse  ratio  of  their  lengths. 
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2.  Let  two  truncated  cones  be  formed  in  the  lathe;  one 
equal  to  that  which  would  be  formed  by  the  revolution  of  the 
trapezoid  LPaN  about  ln  as  an  axis ;  and  the  other  equal  to 
what  would  be  formed  by  the  revolution  of  the  trapezoid  pqmo 
about  the  axis  mo.  On  the  largest  of  these  two  cones  let  the 
circles  generated  by  the  revolution  of  the  points  p,  t,  q,  be 
marked  and  distinguished  by  the  same  numeral  figures  as  the 
corresponding  parallels  of  the  rectangle  lo.  Upon  the  two 
bases  pf  the  conic  frustum  describe  radial  lines,  which  shall 
make  angles  at  the  centre  (fig.  3.)  in  the  same  proportion  to 
each  other  as  the  intended  velocities  of  the  wheel,  as  expressed 
in  fig.  2.  and  let  teeth  be  cut  in  the  curve  surface  of  the  cone 
corresponding  with  these  lines :  after  this,  look  on  the  circles 
that  express  the  different  velocities,  and  have  been  traced  on  the 
same  surface,  to  find  what  part  of  each  tooth  ought  to  remain 
opposite  its  corresponding  radius,  and  cut  or  file  the  rest  away. 
Thus  will  the  teeth  lie  in  an  oblique  or  elliptical  curve  on  the 
conical  surface,  as  is  exhibited  ih  the  figure  by  a  darker  shade. 
The  pinion  must  be  made  of  a  regular  conic  shape,  as  is  shewn 
at  MO  in  fig.  3. 

By  this  contrivance  the  largest  or  widest  teeth  will  always 
meet  the  largest  part  of  the  pinion,  and  the  narrowest  will  cor- 
respond with  the  smallest  part:  on  which  account,  though  the 
motion  of  the  pinion  be  uniform,  the  wheel  will  be  carried 
'linequably,  according  to  tlie  assigned  law. 
*  In  a  similar  manner  may  planet-wheels  be  described  to  ex- 
hibit any  other  proposed  variation. 

PRETsS,  a  machine  of  wood,  or  iron,  serving  to  squeeze  any 
body  very  close. 

Presses  usually  consist  of  six  pieces:  two  flat  smooth  planka, 
between  which  the  things  to  be  pressed  are  laid ;  two  screws  or 
worms  fastened  to  the  lower  plank,  and  passing  through  two 
holes  in  the  upper ;  and  two  nuts  in  form  of  an  s,  Ihat  serve  to 
drive  the  upper  plank,  which  is  moveable,  against  the  lower, 
which  is  fixed.     See  Br  amah's  Machine. 

Presses  used  for  expressing  Liqaors  are  in  most  respects 
the  same  with  the  common  presses,  only  the  underplank  is  per- 
ibrated  with  a  jgreat  number  of  holes  for  the  juice  to  run 
Ithrough.  Others  have  only  one  screw,  or  arbor,  passing 
through  the  middle  of  the  moveable  plank,  which  descends  into 
a  kind  of  square  box  full  of  holes,  through  which  the  juices 
flow  as  the  arbor  is  turned. 

Press  used  hy  Joiners  to  keep  close  the  pannels,  &c.  of 
wainscot,  consists  of  two  screws,  and  two  pieces  of  wood, 
four  or  five  inches  square,  and  two  or  three  feet  long,  whei^of 
the  holes  at  two  ends  serve  for  nuts  to  the  screws. 
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Founders^  vkess,  is  a  «troDg  square  fraiDe,  consisdag  of  four 
pieces  of  wood  firmly  joined  together  with  tenons,  8cc.  It  is  of 
various  sizes:  two  of  them  are  required  to  each  mould  at  the 
two  extremes  w  hereof  they  are  placed ;  so  as  that,  by  driving 
wooden  wedges  between  the  mould  and  sides  of  the  press,  the 
two  parts  of  the  mould  for  the  metal  may  be  pressed  close  to- 
gether. 

Press,  hinders^  cuttingly  is  a  machine  used  equally  by  book- 
binders, stationers,  and  pasteboard-makers;  consisting  of  two 
large  pieces  ^of  wood  in  form  of  cheeks,  connected  by  two 
strong  wooden  screws;  which,  being  turned  by  an  iron  bar, 
draw  together,  or  set  asunder,  the  cheeks,  as  much  as  is  ne- 
cessary for  the  putting  in  the  books  or  paper  to  be  cut.  The 
cheeks  are  placed  lengthwbe  on  a  wooden  stand  in  form  of  a 
chest,  into  which  the  cuttings  fall.  Aside  of  the  cheeks^are  two 
pieces  of  wood  of  the  same  length  with  the  screws,  serving  to 
direct  the  cheeks,  and  prevent  their  opening  unequally.  Upon 
the  cheeks  the  plough  moves,  to  which  the  cutting-knife  is  fast- 
ened by  a  screw;  which  has  its  key,  to  dismount  it,  on  occasion, 
to  be  sharpened. 

The  plough  consists  of  several  parts;  among  the  rest,  a 
wooden  screw  or  worm,  which,  catching  within  the  nuts  of  the 
two  feet  that  sustain  it  on  the  cheeks,  brings  the  knife  to  the 
book  or  paper  which  is  fastened  in  the  press  between  two  boards. 
This  screw,  which  is  pr<^tty  long,  has  two  directories,  which 
resemble  those  of  the  screws  of  fiie  press.  To  make  the  plough 
slide  square  and  even  on  the  cheeks,  so  that  the  knife  may  make 
an  equal  paring,  diat  foot  of  the  plough  where  the  knife  is  not 
fixed  slides  in  a  kind  of  groove,  fastened  along  one  of  the 
cheeks.  Lastly,  the  knife  is  a  piece  of  steel,  six  or  seven  inches 
long,  flat,  thin,  and  sharp,  terminating  at  one  end  in  a  point, 
like  that  of  a  sword,  and  at  the  other  in  a  square  form,  which 
serves  to  fasten  it  to  the  plough. 

As  the  long  knives  used  by  us  in  the  cutting  of  l^ooks  or  papers 
are  apt  to  jump  in  the  cutting  thick  books,  the  Dutch  are  said 
to  use  circular  knives  with  an  edge  all  round;  which  not  only 
cut  more  steadily,  but  last  longer  without  grinding. 

Vai'ious  other  presses  are  used  in  different  arts  and  manufac- 
tures; but  it  does  not  seem  necessary  to  give  particular  descrip- 
tions of  any  others,  except  the  press  used  in  printing  of  books, 
and  the  rolling  press  used  in  copper-plate  prinibg. 

The  common  PKiNTiNG-press  represented  in  pi.  XXIII.  is 
a  curious  and  rather  complex  machme.  The  body  consbts  of 
two  strong  cheeks,  a,  a,  standing  perpendicularly,  and  Joined 
together  by  four  cross  pieces;  the  cap  6,  and  the  head  c,  which  is 
moveable,  being  partly  sustained  by  two  iron  pms  or  long  screw- 
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bolts  that  pass  the  cap;  the  dll  or  shelf  dd,-  by  which  the 
apmdle  and  its  apparatus  are  kept  in  their  proper  position ;  and 
tne  winter  e,  which  bears  the  carriage,  and  sustains  the  effort  of 
the  press  beneath.  The  spindle  f  is  an  upright  piece  of  iron 
pointed  with  steel,  having  a  male  screw,  which  goes  into  the  fe- 
male one  in  the  head  about  four  inches.  Through  the  eye  g  of 
this  spindle  is  fastened  the  bar  k,  by  which  the  pressman  makes 
the  impression.  The  spindle  passes  through  a  hole  in  the  middle 
of  the  till ;  and  its  point  works  into  a  brass  pan  or  nut,  supplied 
with  oil,  which  is  fixed  to  an  iron  plate  let  into  the  top  of  the 
platen.  The  body  of  the  spindle  is  sustained  in  the  centre  of 
an  open  frame  of  polished  iron,  1,  1,  2,  2,  3,  3,  fixed  to  it  in 
such  a  manner  as,  without  obstructing  its  free  play,  to  keep  it  in 
a  steady  direction ;  and  at  the  same  time  to  serve  for  suspending 
the  platen.  This  frame  consists  of  two  parts :  the  upper  called 
the  garter,  1, 1 ;  the  under  called  the  crane,  2^  2.  These  are 
connected  together  by  two  short  legs  or  bolts,  3,  3;  which 
being  fixed  below  in  the  tv>o  ends  of  the  crane,  pass  upward 
through  two  holes  in  the  till,  and  are  received  at  top  into  two 
eves  at  the  ends  of  the  garter,  where  they  are  secured  by  screws. 
The  carriage  //  is  placed  a  foot  below  the  platen,  having  its 
fore-part  supported  by  a  prop  called  the foresiay,  while  the  other 
rests  on  the  winter.  On  this  carriage,  which  sustains  the  plank, 
are  nailed  two  long  iron  bars  or  ribs;  and  on  the  plank  are 
nailed  short  pieces  of  iron  or  steel  called  cramp^irom,  equally 
tempered  with  the  ribs,  and  which  slide  upon  them  when  the 
plank  is  turned  iu  or  out.  Under  the  carnage  is  fixed  a  long 
piece  of  iron  called  the  jjpiV,  with  a  double  wheel  in  the_,middl^ 
round  which  leather  girts  are  fastened,  nailed  to  each  end  of  the 
plank :  and  to  the  outside  of  the  spit  is  fixed  a  rounce  m,  or 
handle,  to  turn  round  the  wheel.  Upon  the  plank  i^  a  square 
frame  or  coffin,  in  which  is  inclosed  a  polished  stone  on  which 
the  form  n  is  laid ;  at  the  end  of  the  coffin  are  three  frames,  viz. 
the  two  tympans  and  the  frisket :  the  tympans  o  are  square,  and 
made  of  three  slips  of  very  thin  wood,  and  at  the  top  a  piece  of 
iron  still  thinner ;  that  called  the  outer  tjfmpan  is  fastened  with 
hinges  to  the  coffin:  they  are  both  covered  with  parchment; 
and  between  the  two  are  placed  blankets,  which  are  necessary 
to  take  off  the  impression  of  the  letters  upon  tlie  paper.  The 
frisket  p  is  a  square  frame  of  thin  iron,  fastened  with  hinges  to 
the  tympan:  it  is  covered  with  paper  cut  in  the  necessary 
places,  that  the  sheet,  which  is  put  between  the  frisket  and  the 
great  or  outward  tympan,  may  receive  the  ink,  and  that  nothing 
may  hurt  the  margins.  To  regulate  the  margins,  a  sheet  of 
paper  is  fastened  upon  this  tympan,  which  is  called  Hi^  tympan 
sheet;  and  on  each  side  is  fixed  an  iron  point,  which  makes  two 
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holes  in  the  sheet^  which  is  to  be  placed  on  the  same  points 
M'hen  the  impression  is  to  be  made  on  the  ofjher  side.  In  pre^ 
paring  the  press  for  working,  the  parchment  which  covers  the 
outer  tympan  is  wetted  till  it  is  very  soft,  in  order  to  render  the 
impression  more  e(|uable;  die  blankets  are  then  put  in,  and 
secured  from  slipping  by  the  inner  tympan :  then,  while  one 
pressman  is  beating  the  letter  with  the  balls  covered  with  ink 
taken  from  the  ink*block,  the  other  person  places  a  sheet  of 
white  paper  on  the  tympan  sheet ;  turns  down  the  frisket  upon 
it,  to  keep  the  paper  clean  and  prevent  its  slipping ;  then,  bring- 
ing the  tympans  upon  the  form,  and  turning  Uie  tounce,  be 
brings  the  form  with  the  stone,  &c.  weighing  about  SOO  lbs. 
weight,  under  the  platen;  pulls  with  the  bar,  by  which  means 
the  platen  presses  the  blankets  and  paper  close  upon  the  letter, 
whereby  half  the  form  is  pripted ;  then  easing  the  bar^  he  draws 
the  form  still  forward ;  gives  a  second  pull,  and  letting  go  the 
bar,  turns  back  the  fprm,  takes  up  the  tympans  and  frisket, 
takes  out  the  printed  sheet,  and  lays  on  a  fresh  one ;  and  this  is 
tepeated  till  he  has  taken  off  the  impression  upon  the  full  num- 
ber of  sheets  the  edition  is  to  consist  of.  One  side  of  the  sheet 
being  thus  printed,  ihe  form  for  tlie  other  is  laid  upon  the  press, 
and  worked  off  in  the  same  manner. 
* '  For  a  minute  description  of  the  several  parts  of  a  common 

?ress,  of  the  various  implements  employed  in  printing,  and  ot 
^ord  Stanhope's  improved  press,  the  reader  is  referred  to  Mrl 
Stower's  valuable  work  "  The  Printer's  Grammar/' 

We  must  here  say  a  little  respecting  the  recent  improvements 
in  printing ;  though  we  regret  thiit  we  have  not  been  able  to 
obtain  any  other  than  a  very  general  account.  For  several 
weeks  the  "  Times^  newspaper  has  been  entirely  printed  by 
machinery ;  that  is  to  say,  the  forms,  or  pages,  being  composed 
and  made  up,  in  the  usual  manner,  have  been  worked  off  by 
means  of  machinery,  moved  by  a  steam  engine,  instead  of  being 
primed  at  die  common  press.  The  paper,  since  this  change  in 
the  mode  of  working,  has  not  only  been  as  well  printed,  but 
much  better  than  before.  The  number  that  can  be  worked  m 
one  hour  is  stated  at  1 100. 

It  is  somewhat  remarkable,  that  while  this  invention,  which 
has  taken  a  long  time  to  perfect  it,  has  been  in  progress,  another, 
for  the  same  object,  was  also  carrying  on  by  Mr.  Bacon,  of 
Norwich,  and  Mr.  Donkin  (engineer)  of  Bermondsey,  which 
was  set  to  work  within  a  day  after  the  former.  Mr.  Bacon  has 
published  a  prospectus  of  the  latter  machine^  to  which  is  added 
the  following  notice : — '^  Since  this  prospectus  was  printed,  the 
machine  has  been  set  to  work  on  a  French  Testament  ini  this 
'city,  for  the  British  and  Foreign  Bible  Society.    It  is  worked 


Digitized 


bySoogle 


Improved  frintin^preu.  ZOX 

by  one  roan  and  two  boys ;  and  we  may  venture  to  affirm,  that, 
in  the  ordinary  maimer  in  which  the  London  newspapers  are 
printed,  many  more  copies  than  the  number  stated  by  the  Times 
could  be  taken  off  with  the  greatest  ease.  Dr.  Milner,  th^ 
Master  of  Queen's  College,  Mr.  Wood,  President  of  St.  John's, 
and  Mr.  Kaye,  since  Master  of  Christ's,  as  a  deputation  from 
the  Syndics  of  the  Pr^ss  at  Cambridge,  have  also  inspected  the 
machine,  and  have  manifested,  by  their  readiness  to  contract 
with  the  Patentees  for  its  introduction  at  the  University,  all  the 
zeal  which  might  be  expected  In  that  body  for  the  cause  of 
literature  and  of  the  art. — These  are  the  earliest  patrons  of  the 
machine." 

As  we  cannot  convey  to  our  readers  a  full  description  of 
either  of  these  machines,  we  must  content  ourselves  with  briefly 
stating  their  general  principles.  In  that  of  the  Times^  the  forms 
are  laid  upon  a  travelling  carriage,  as  in  the  common  press,  but 
having  a  range  of  such  length  that  the  form,  by  passing  under  a 
system  of  rollers,  receives  a  charge  of  ink,  and  still  going  on, 
receives  from  another  roller  the  sheet  pressed  down  upon  it,  by 
passing  under  the  roller :  when  tiirough,  the  sheet  is  taken  off; 
the  form  receives  another  charge  of  ink  from  rollers,  and,  on  its 
return,  presents  another  sheet,  which  has,  in  the  interim,  been 
placed  on  the  paper  roller — >and  so  alternately,  in^aiW  and  re^ 
fuming,  a  sheet  is  printed.— In  Messrs*  Bacon  and  Donkin'f 
machine,  there  is  no  reciprocating  motion.  The  types  are 
placed  on  a  ^rtsm  of  as  many  sides  as  the  nature  of  the  form  re- 
i^uires.  This  prism  occupies  the  centre  of  an  upright  frame, 
like  the  rollers  in  a  copperplate-press :  below  this  is  a  kind  of 
compound-faced  roller,  suited  to  the  form  of  the  prism :  be^ 
tween  these,  the  sheets  to  be  printed  (attached  to  the  face  of  a 
piece  of  cloth)  are  passed  ih  succession ;  and,  in  the  mean  time, 
the  revolution  of  the  type-prism  brings  its  different  portions  in 
succession  under  a  system  of  inking-roUers  placed  over  it,  by 
which  it  receives  charges  of  ink,  to  be  delivered  to  the  sheets  as 
they  pass  in  succession  between  the  lower  rollers. 

'Vhe  press  of  the  Times  has  cost  the  proprietors  upwards  of 
eight  thousand  pounds — a  sum,  however,  which  will  be  speedilv 
retunded  by  the  savings  that  will  arise  from  the  invention,  as  it 
allows  the  discharge  of  pressmen  ou  that  estabJishment  whose 
wages  amounted  to  25/.  a  week ;  and  the  number  of  composi« 
tors  will  be  also  much  reduced,  by  its  obviating  the  necessity 
for  a  duplicate  of  the  types  of  the  inuer  form,  which  the  more 
respectable  daily  prints  have  of  late  years  found  necessary.  It 
was  first  stated  in  the  Times  that  the  apparatus  multiplied  copies 
at  the  rate  of  1 100  per  hour :  it  will  produce  them  now  with 
much  greater  speed,  and  with  astonishing  clearness  and  beauty. 
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The  invention  is  protected  by  a  patent;  but  itself  is  its  best 
protector.  The  apparatus  requires  a  great  space^  and  is  very 
complicated;  the  plan  of  the  old  printing-press  is  scarcely 
brought  to  mind  by  that  of  the  new  one:  the  carriage  and 
something  like  its  ribs  are  the  only  parts  that  have  any  likeness 
to  Caxton's  or  Stanhope's  machinery.  The  ink  b  communi- 
cated to  the  types  by  several  rollers,  under  which  the  form 
passes  in  its  progress  towards  a  cylinder  of  about  three  feet  di- 
ameter, on  which  the  sheets  of  paper  are  successively  laid :  so 
that  something  of  the  principle  of  the  copperplate-press  is  in 
this  new  apparatus  extended  to  the  letter-press.  The  ink  is 
dbtributed  on  the  rolfers  with  so  much  accuracy,  that  the  terms 
*'  monks^  and  *^ friars**  will  in  a  few  years  be  unknown  in 
printing.  Some  inconvenience  from  "  picks^*  remains  to  be 
prevented.  Confident  expectations  are  entertained  that  the 
appattitus  will  be  in  a  short  time  so  simplified,  as  to  bring  the 
expence  of  it  within  the  means  of  all  respectable  printers. 

As  this  invention  has  raised  great  expectations,  we  insert  ex- 
tracts from  a  letter  published  by  Mr.  Koenig  on  this  subject; 
it  shews,  also,  the  state  of  the  Continent,  and  suggests  one  cause 
of  British  superiority,  in  whatever  operations  depend  on  inge- 
nuity and  industry* 

''  The  first  idea  relating  to  this  invention  occifrred  to  me 
eleven  years  ago,  and  the  first  experiments  were  made  soon 
after  in  Saxony.  My  original  plan  was  confined  to  an  im- 
proved press,  in  which  the  operation  of  laying  the  ink  on  the 
types  was  to  be  performed  by  an  apparatus  connected  with  the 
motion  of  the  coffin,  in  such  a  manner  that  one  hand  could  be 
saved.  As  nothing  could  be  gained  in  expedition  by  this  plan, 
the  idea  soon  suggested  itself  to  move  this  press  by  machinery, 
or  to  reduce  the  several  operations  to  one  rotatory  motion,  to 
which  any  first  mover  might  be  applied.  Its  execution  was 
not  completed,  when  I  found  myself  under  the  necessity  of  seek- 
ing assistance  for  the  further  prosecution  of  it. 

**  There  is  on  the  Continent  no  sort  of  encouragement  for  an 
enterprise  of  this  description.  The  system  of  Patents,  as  it 
exists  in  England,  being  either  unknown,  or  not  adopted  ip  the 
continental  states,  there  is  no  inducement  for  individual  enters 
prise,  and  projectors  are  commonly  obliged  to  oflFer  their  disco- 
veries to  some  Government,  and  to  solicit  encouragement.  I 
need  hardly  add,  that  scarcely  ever  is  an  invention  brought  to 
maturity  under  such  circumstances.  ITie  well-known  fact, 
that  almost  every  invention  seeks,  as  it  were,  refuge  in  England, 
and  is  there  brought  to  perfection,  where  the  Government  docs 
not  atford  any  other  protection  to  inventors  than  what  is  derived 
from  the  wisdom  of  the  laws,  seems  to  iudicate  that  theConti- 
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h^nt  iias  yet  to  learn  from  her  the  best  manner  of  encouraging  . 
the  mechanical  arts.  I  had  my  full  share  in  the  ordinary  dis- 
appointments of  continental  projectors ;  and,  after  having  lost 
in  Germany  and  Russia  upwards  of  two  years  in  fruitless  ap- 
plications, I  arrived  about  eisht  years  ago  in  England,  where  I 
was  introduced  to  and  soon  loined  by  Mr.  Thomas  Bensley,  a 

Einter  so  well  known  to  the  literary  world^  that  the  mention  of 
s  name  is  sufficient. 

*'  The  execution  of  the  plan  was  begun,  and  as  the  exp^-. 
ments  became  very  expensive^  two  other  gentlemen,  Mr.Geosge 
Woodfall,  and  Mr.  Richard  Taylor,  eminent  printers  in  Lon- 
don, joined  us. 

'^  ^fter  many  obstructions  and  delays,  the  first  printing  ma- 
ehine  was  completed  exactly  on  the  plan  which  I  have  described 
in  the  specification  of  my  first  patent,  dated  March  29,  1810. 
It  was  set  to  work  in  April  181 1.  The  sheet  (H)  of  the  new 
Annual  Register  for  1810,  "  Principal  Occurrences,**  3000 
copies,  was  printed  with  it,  and  is,  I  have  no  doubt,  the  first 
part  of  a  book  ever  prmted  with  a  machine. 

'^Tlie  actual  use  of  it,  however,  soon  suggested  new-ideas,  and 
led  to  the  rendering  it  less  complicated  and  more  powerfuL 
Impressions  produced  by  means  of  cylinders,  which  had  like^ 
wise  been  already  attempted  by  others  without  M^e  desired 
effect,  were  again  tried  by  me  upon  a  new  plan,  namely,  to 
place  the  sheet  round  the  cylinder,  thereby  making  it,  as  it 
were,  part  of  its  periphery.  After  some  promising  experi- 
ments, the  plan  for  a  new  machine  on  this  principle  was  made, 
lind  a  manufactory  established  for  the  purpose.  Since  this  time 
I  have  had  the  benefit  of  my  friend  Mr.  Bauer's  assistance, 
who,  by  the  judgment  and  precision  with  which,  he  executed 
my  plans,  has  greatly  contributed  to  their  success.  The  new 
machine  was  completed  in  December,  1812,  after  great  diffi- 
culties attending  the  cylindrical  impression.  Sheets  G  and  X 
of  Clarkson's  I^fe  of  Penn,  vol.  1,  are  the  first  printed  with  an 
entirely  cylindrical  press.  The  papers  of  the  Protestant  Union 
were  also  printed  widi  it  in  February  and  March,  1813.  Sheet 
M  of  Aiton's  Hortus  Kewensis,  vol.  V.  will  shew  the  progress 
of  improvement  in  the  use  of  this  machine.  All  together  Uiere 
are  about  160,000  sheets  now  in  the  hands  of  the  public,  printed 
with  this  machine,  which  with  the  aid  of  two  hands,  takes  off 
800  in  the  hour.  It  is  accurately  described  in  the  specifications 
of  ray  two  patents,  dated  Oct.  30,  1812,  and  July  23, 1813. 

''  The  machines  now  printing  the  Times  and  Evening  Mail 
are  on  the  same  principle  as  that  just  mentioned^  but  they  have 
been  contrived  for  die  particular  purpose  of  a  newspaper  of  ex- 
tensive circulation^  where  expedition  is  thej  great  ol>ject. 
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*^  The  first  introduction  of  the  invention  was  considered  trr  • 
some  as  a  difficult  and  even  hazardous  step.     The  proprietor  of 
the  TimeB  having  made  that  bis  task^  the  public  are  aware  that 
it  is  in  good  bands. 

"  Fr.  Koenig.' 

The  Uo/Zi/fg-PRESS  used  in  copper-plate  printing  is  repre- 
sented in  fig.  3.  pi.  XV.  This  machine,  like  the  common 
press,  ma}'  be  divided  into  two  parts,  the  bodp-  and  carriagt^ 
analogous  to  those  in  the  other. 

The  body  consists  of  two  cheeks  pp  of  different  dimensions, 
ordinarily  about  four  feet  and  a  half  high,  a  foot  thick,  and  two 
and  a  half  apart,  joined  at  top  and  bottom  by  cross  pieces.  The 
cheeks  are  placed  perpendicularly  on  a  wooden  stand  or  foot, 
LM,  horizontally  placed,  and  sustaining  the  whole  press.  From* 
the  foot  likewise  rise  four  other  perpendicular  pieces,  c,  r,  c,  r, 
joined  by  other  cross  or  horizontal  ones  J,  J,  d\  which  may  be 
considered  as  the  carriage  of  the  press,  as  serving  to  sustain  a 
smooth,  even 'plank,  hik,  about  foiu^  feet  and  a  half  long,  two 
feet  and  a  half  broad,  and  an  inch  and  a  half  thick ;  upon  which 
the  engraven  plate  is  to  be  placed.  Into  the  cheeks  go  two 
wooden  cylinders  of  rollers  de,  fg,  about  six  inches  in  diame- 
ter, borne  up  at  each  end  by  the  cheeks,  whose  ends,  which  are 
lessened  to  about  two  inches  diameter,  and  called  trunnions^' 
turn  in  the  cheeks  between  two^  pieces  of  wood,  in  form  of  half- 
moons,  lined  with  polished  iron,  to  facilitate  the  motion.  The 
space  in  the  half-moons,  left  vacant  by  the  trunnion,  is  filled 
with  paper,  pasteboard,  8cc.  that  they  may  be  raised  and  lowered 
at  discretion ;  so  as  only  to  leave  the  space  between  them  neces* 
sary  for  the  passage  of  the  plank  charged  vrith  the  plate,  f  aper, 
and  blankets.  Lastly,  to  one  of  the  trunnions  of  the  upper 
roller  is  fastened  a  cross,  consisting  of  two  levers  ad,  or  pieces 
of  wood,  traversing  each  other.  The  arms  of  this  cross  serve  ia 
lieu  of  the  handle  of  the  common  press ;  giving  a  motion  to  the 
upper  roller,  and  that  to  the  under  one ;  by  which  means  the 
plank  is  protruded,  or  passed  between  them. 

The  practice  of  printing  from  copper-plates  is  nearly  as  fol- 
lows. The  workmen  take  a  small  quantity  of  the  ink  on  a 
rubber  made  of  linen  rags,  strongly  bound  idbout  each  other,  and 
with  this  smear  the  whole  face  of  the  plate  as  it  lies  on  a  grate 
over  a  charcoal  fire.  The  plate  being  sufficiently  inked,  they 
first  wipe  it  over  with  a  foul  rag,  then  with  the  palm  of  their  left 
hand,  and  then  vyith  that  of  the  right;  and  to  dry  the  hand  and 
forward  the  wiping,  they  rub  it  from  time  to  time  in  whiting, 
llie  address  of  the  workman  consists  in  wiping  the  plate  per- 
fectly  clean,  without  taking  the  ink  out  of  the  engraving.  Th&. 
plate  thus  prepared  is  laid  on  the  plank  of  the  press  ^  over  the 
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][>1ate  is  laid'  the  paper,  first  weH  moistened,  to  receive  the  tin« 
pression ;  and  over  the  paper  two  or  three  folds  of  flannel. 
TThings  beitig  thus  disposed,  the  arms  of  ihe  cross  are  pulled, 
^nd  by  that  means  the  plate  M'ith  its  furniture  is  passed  through 
between  the  rollers,  which  pinching  very  ^ongly,  yet  equally^ 
presses  the  moistened  paper'  into  th6  strokes  of  the  engraving, 
M'hence  it  takes  out  the  ink^  and  receives  the  required  impres- 
sion. 

PRESSURE  ^tf  otNfes  for  raising  water  by  the  pressure  and 
descent  of  a  column  inclosed  in  k  pipe,  have  been  lately  erected 
in  different  part<;  of  thb  country.  The  principle  now  adverted 
to  was  adopted  in  some  machinery  executed  in  France  about 
1731  (see  Belidor  de  Arch»  Hydraul.  lib.  iv.  ch.  1.),  and  w^ 
likewise  adopted  in  Colniwall  about  fifty  years  ago«  But  the 
pressut^  engine  of  which  we  are  about  to  give  a  particular  de- 
scription is  the  invention  of  Mr.  R.  Trevithack,  who  probably 
was  not  aware  that  any  thing  at  all  similar  had  been  attempted 
before.  Thb  engine,  a  section  of  which,  on  a  scale^of  a  quarter 
of  an  inch  to  a  footj  is  shewn  in  pi.  XXIII.  was  erected  about 
Six  years  ago  at  the  Druid  Copper  Mine,  in  the  parish  of  Illo- 
gan,  near  Truro,  a  b  represents  a  pipe  six  inches  iu  diameter, 
through  which  water  descends  from  the  head  to  the  place  of  its 
delivery  to  run  off  by  an  adit  at  s,  through  a  fall  of  34  fathoms 
in  the  whole ;  that  is  to  say,  in  a  close  pipe  down  the  slope  of 
a  hill  200  fathoms  long,  with  26  fathoms  fall;  then  perpen- 
dicularly six  fathoms,  till  it  arrives  at  b,  and  thence  through  the 
engine  from  b  to  s  two  fathoms.  At  the  turn  B  the  water 
enters  into  a  chamber  c,  the  lower  part  of  which  tenninates  in 
two  brass 'eylinders  four  inches  in  diameter;  in  which  two  pitigs 
or  pistons  of  lead,  d  and  e,  are  capable  of  moving  up  and  down 
by  their  piston  rods,  which  pass  through  a  close  packing  above, 
and  are  attached  to  the  extremities  of  a  chain  leading  over  and 
properly  attached  to  the  wheel  q,  so  that  it  cannot  slip. 

The  leaden  pieces  d  and  E  are  cast  in  their  places,  and  have 
no  packing  whatever.-  They  move  very  easily ;  and  if  at  any 
time  they  should  become  loose,  tiiey  may  be  spread  out  by  a 
few  blows  with  a  proper  instrument,  without  taking  them  out  of 
their  place.  On  the  sides  of  the  two  brass  cylinders,  in  which 
D  and  B  move,  there  are  square  holes  communicating  towards 
F  and  o,  which  is  an  horizontal  trunk  or  square  pipe,  four  inches 
wide  and  three  inches  deep*  All  the  pther  pipes  g,  o,  and  r, 
are  six  inches  in  diameter,  except  the  principal  cylinder  wherein 
the  piston  h  moves ;  and  this  cylinder  is  ten  inches  in  diameter, 
and  achnitB  a  nine^feet  stroke,  though  it  is  here  delmeated  as  if 
the  stroke  were  only  three  feet. 

The.piston*rod  works  through  a  stuffing-box  above,  and  is 
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attached  to  mk^  wfaich  b  the  mt-red,  or  a  perpeinficalar 
divided  into  two,  so  as  to  allow  its  alternate  motion  up  aod 
down  and  leave  a  space  between,  without  touching  the  fixed 
apparatus,  or  great  cjlinder.  The  pit-rod  is  prolonged  down 
into  the  mine,  where  it  is  employed  to  work  the  pumps,  or  if 
the  engine  were  applied  to  mill- work,  or  any  odier  use^  this  rod 
would  form  the  coi^munication  of  the  first  mover. 

KL  is  a  tumbler  or  tumbling-bob,  capable  of  being  moved  on 
the  gudgeons  v,  from  its  present  position  to  anotber,  in  which 
the  weight  l  shall  hang  over  with  the  same  inclina^n  on  the 
opposite  side  of  the  perpendicular,  and  consequently  the  end  K 
will  then  be  as  much  elevated  as  it  is  now  depressed. 

The  pipe  rs  has  its  lower  end  immersed  in  a  cistern,  by  which 
means  at  delivers  its  water  without  the  possibility  of  the  extermd 
air  introducing  itself;  so  that  it  constitutes  a  torricellian  columa 
or  tirater  barooKter,  and  renders  the  whole  column  from  a  to  S 
effectual :  as  we  shall  see  in  our  view  of  the  operatioa. 

The  operation.  Let  us  suppose  the  lower  bar  kv  of  the 
tumbler  to  be  horizontal,  and  the  rod  po  so  ntuated* .«« that  die 
plugs  or  leaden  pistons  d  and  e  shidl  lie  opposite  to  each  other, 
and  stop  the  water-ways  g  and  f.  In  this  state  of  the  engins^ 
though  each  of  diese  pistons  is  pressed  by  a  force  equivalent  to 
more  than  a  thousand  pounds,  they  will  remain  motionless,  be* 
cause  these  actions  being  contrary  to  each  other,  they  are  con- 
jtantly  in  equilibrio.  The  great  piston  h  being  here  shewn  as 
at  the  lK>ttom  of  its  cylinder^  the  tumbler  is  to  be  thrown  by  hand 
into  the  position  here  delineated.  Its  action  upon  op,  and  con- 
sequently upon  the  wheel  q,  draws  up  the  plug  d^  and  depresses 
B,  so  that  me  water-way  g  becomes  open  from  ab»  and  that  of 
r  to  the  pipe  R :  the  water  consequently  descends  from  a  to  c ; 
thence  to  oog,  until  it  acts  beneath  the  piston  h.  This  pres- 
sure raises  the  piston,  and  if  there  be  any  water  above  the  pis- 
ton, it  causes  it  to  rise  and  pass  through  p  into  B.  During  the 
irise  of  the  piston  (which  carries  the  pit-rod  mn  aloo|;  vrith  it),  a 
sliding  block  of  wood  i,  fixed  to  this  rod,  is  brought  into  contact 
with  the  tail  k  of  the  tumbler,  and  raises  it  to  the  horizontal  po- 
sition, beyond  which  it  oversets  by  the  acquired  motion  of  the 
weight  L. 

The  mere  rise  of  the  piston,  if  there  were  no  additional  mo- 
tion in  the  tumbler,  would  only  bring  the  two  plugs  b  and  b  to 
the  position  of  rest,  namely  to  close  g  and  f>  and  then  the  e»- 
l^ne  would  stop ;  but  the  fall  of  the  tumbler  tarries  the  plug  d 
downwards  quite  clear  of  the  hole  F,  and  the  other  plug  b  up- 
wards, quite  clear  of  the  hole  o.  These  motions  require  bo 
consumption  of  power,  because  die  plug^  are  in  equikbrio^  u 
was  just  observed. 
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'  In  this  new  sitiMitioii  the  colubin  a  b  no  longer  commnnicatea 
unth  Xmj  but  acts  tkroiuh  f  upon  the  upper  part  of  the  piston  h, 
and  dqnesses  it ;  while  the  contents  of  the  great  cylinder  b^ 
Heath  that  piston  are  driven  out  throt^  ooo,  and  pass  through 
^tlie  opening  at  B  into  R.  It  may  be  observed,  that  the  coluaui 
which  acts  against  the  piston  is  assisted  by  the  pressure  of  dn 
atmosphere,  rendered  active  by  the  coinnnkof  water  hansing  in 
m,  to  which  that  assisting  pressure  is  equivatent,  as  has  luready 
been  noticed. 

When  the  piston  has  descended  through  a  certain  length,  dK 
dide  or  block  at  T,  upon  the  pit-rod,  applies  against  the  tail  k 
of  die  tanbler,  which  it  depresses,  and  again  oversets ;  produciB^ 
€>nce  mere  the  position  of  the  plugs  be,  here  delineated^  and 
Ae  consequent  a^ent  of  the  great  piston  h,  as  before  described. 
The  ascent  produces  it^  former  effect  on  the  tumbler  and  plugt; 
smd  in  this  manner  it  is  erident  that  the  alteniations  will  go  09 
without  limit :  or  until  the  manager  shall  thkik  fit  to  place  Ae 
tumbler  and  plugs  de  in  the  positions  of  rest;  namely,  so  as  to 
«iop  the  passages  p  and  o. 

'llie  leiq^  of  the  stroke  may  be  varied  by  altering  the  po^ 
tiofis  of  the  pieces  t  and  1,  which  will  shorten  die  stroke  thft 
aearer  diey  are  together;  as  in  that  case  they  will  sooner  alter- 
tmte  upon  the  tail  k. 

As  tne  sudden  stoppage  of  the  descent  of  the  column  ab,  at 
^  instant  when  the  two  plugs  were  bodi  in  the  water-way, 
alight  jar  and  shake  the  apparatus,  those  plugs  are  made  half 
m  inch  shorter  dian  the  depth  of  the  side  holes ;  so  that  in  that 
case  the  water  can  escape  directly  through  boUi  the  small  cylin- 
ders to  m.  This  gives  a  moment  of  time  for  the  generation  of 
the  contrary  motion  in  the  piston  and  the  water  in  gog,  and 
gready  deadens  the  concussion  which  might  dse  be  produced. 

Some  former  attempts  to  make  pressure  engines  upon  the 
|princi|^  of  the  steam-engine  have  tailed ;  because  water,  not 
being  elastic,  could  not  be  made  to  carry  the  piston  onwards  a 
little,  so  as  completely  to  shut  one  set  of  valves  and  open  an- 
other. Ib  the  present  judicious  construetion,  the  tumbler  per- 
ionns  the  office  of  the  expansive  force  of  steam  at  the  end  of 
die  stroke. 

Mr.  Boswell  su^ests,  as  a  considerate  improvement,  that 
the  action  of  thb  engine  should  be  made  elastic  by  the  addition 
cf  an  air-chamber,  on  the  same  principle  as  diat  used  in  fire- 
«i^;Bies ;  diis,  he  tlnuks,  might  be  bet>t  effected  by  making  the 
imton  hollow,  with  a  small  orifice  in  the  bottom,  and  of  a  larger 
flsce,  to  serve  for  this  purpose,  as  the  spring  of  the  air  would 
then  act  both  on  the  upward  and  downward  pressure  of  the 
water.    (NicA.  Jour.  N.  S.  vols.  i.  ii.) 


Digitized  by 


Google 


308  MACHINES- 

PULLEY,  one  of  the  simple  inachinesi  or  an  tbey  are  conn 
moDly  called,  mechanical  powers;  its  theory  is  laid  down  m  arts* 
148 — 151,  267,  &€•  of  our  first  volume.  Tlie  presoit  article 
is  introduced  for  the  purpose  of  mentk>ning  some  iogenioos 
practical  combinations  of  pulleys,  in  adibtion  to  those  exhibilBil 
m  pL  VI.  vol.  i. 

Tlie  usual  methods  of  arranging  pulleys  in  their  blocks  mtj 
be  reduced  to  two.  The  first  consists  in  jdacing  them  one  b^ 
the  side  of  another  upon  the  same  pin:  the  other,  in jplaciog 
them  directly  under  one  another  upon^separate  pins.  £ach  ol 
these  methods  however  b  liable  to  inconvenience;  aad  Mr. 
Smeaton,  to  avoid  the  impediments  to  which  these  combinations 
are  subject,  proposes  to  combine  these  two  aacthods  in  one. 

A  very  considerable  improvement  in  the  cxmstmction  of 
pulleys  has  been  made  by  Mr.  James  White,  who  obtained  a 
patent  for  his  invention,  of  which  he  gives  the  following  de^ 
scription.  Fig.  6.  pi.  XIX.  shews  the  machine,  consbting  of 
two  pulleys,  q  and  r,  one  fixed  and  the  other  moveable.  Eack 
of  these  has  six  concentric  grooves  capable  of  having  a  line  put 
round  them,  and  thus  acting  like  as  many  different  pulleys, 
having  diameters  equal  to  those  of  the  grooves.  Supposing 
-Iben'  each  of  the  grooves  to  be  a  distinct  pulley,  and  that  aU 
their  diameters  weie  equal,  it  is  evident  that  if  the  weight  144 
were  to  be  raised  by  pulling  at  s  till  the  pulleys  toudi  each 
other,  the  first  pulley  must  receive  the  length  of  line  as  many 
times  as  there  are  parts  of  the  line  hanging  between  it  and  the 
lower  pulley.  In  the  present  case  there  are  12  Imes  A,  ^,/^&c. 
hanging  between  the  two  pulleys,  formed  by  its  revolution  abont 
the  six  upper  and  lower  grooves.  Hence,  as  much  line  must 
pass  over  the  uppermost  pulley  as  is  equal  to  twelve  times  the 
distance  of  the  two.  But,  from  an  inspection  of  the  figure,  it  is 
plain  that  the  second  pulley  cannot  receive  the  full  quantity  of 
Une  by  as  much  as  is  equal  to  the  distance  betwixt  it  and  die 
first  In  like  manner,  the  third  puUey  receives  less  dian  the 
first  by  as  much  as  is  the  distance  between  die  first  and  third ; 
and  so  on  to  the  last,  which  receives  only  one-twelfth  of  the 
whole.  For  this  receives  its  share  of  line  n  from  a  fixed  point 
in  the  upper  frame,  which  gives  it  nothing ;  while  all  the  others 
in  the  same  fmme  receive  the  line  partly  by  turning  to  meet  it, 
and  partly  by  the  line  coming  to  meet  them. 

Supposing  now  these  pulleys  to  be  equal  in  size,  and  to  move 
freely  as  die  line  determines  them,  it  appears  evident,  from  the 
nature  of  the  system,  that  the  number  of  their  revolutions,  and 
consequently  their  velocities,  must  be  in  proportion  to  the  num- 
ber of  suspending  parts  that  are  between  the  fixed  point  above 
mentioned,  and  each  pulley  respectively.    Thus  the  outermost 
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T^Mey  wotdd  go  twelve  times  round  in  the  time  that  the  pulley 
under  which  the  nart  n  of  the  line^  if  equal  to  it^  would  revolve 
•nly  once ;  and  the  intermediate  times  and  velocities  would  be 
a  series  of  arithmetical  proportionals^  of  which^  if  the  first  num- 
ber were  1,  the  Isist  would  always  be  equal  to  the  whole  number 
of  terms.  Since  then  the  revolutions  of  equal  and  distinct 
pulleys  are  measured  by  their  velocities^  and  that  it  is  possible 
pp  find  any  proportion  of  velocity  on  a  single  body  running  on 
s  centre^  viz.  -by  finding  proportionate  distances  from  lliat 
centre ;  it  follows,  that  if  tfie  diameters  of  certain  grooves  in 
the  same  substance  be  exactly  adapted  to  the  above  series  {the 
line  itself  being  supposed  inelastic,  and  of  no  magnitude),  the 
necessity  of  using  several  pulleys  in  each  frame  will  be  obviated, 

£id  wkh  that  some  of  thie  inconveniences  to  which  the  use  of 
e  pulley  is  liable. 

In  the  figure  referred  to,  the  coils  of  rope  by  which  the 
weight  is  supported  are  represented  by  the  lines  a,  4,  c,  tu. : 
a  is  the  line  of  traction,  coQ^monly  caHed  the  fall,  which  passes 
over  and  under  the  proper  grooves,  until  it  is  fastened  to  tlM 
upper  frame  just  above  n.  In  practice,  however,  the  grooves 
^  not  arithmetical  proportionals,  nor  can  they  be  so ;  for  tbf 
diameter  of  the  rope  employed  must  in  all  cases  be  deducted 
from  each  term ;  without  which  the  smaller  grooves,  to  whtch 
ike  said  diameter  bears  a  larger  proportion  than  to  the  larger 
ones,  will  tend  to  rise  and  fall  faster  than  they,  and  thus  intro- 
duce worse  defects  than  Aose  which  they  were  intended  to 
obviate. 

The  principal  advantage  of  \\As  kmd  of  puMey  is,  that  it  de- 
stroys lateral  friction,  and  that  kind  of  shaking  motion  which  ia 
so  inconvenient  in  the  common  pulley.  And  lest  (says  Mr. 
White)  this  circumstance  should  give  the  idea  of  weakness,  I 
would  observe,  Aat  to  have  pins  for  the  pulleys  to  run  on  is 
not  the  only  nor  perhaps  the  best  method ;  but  that  I  sometimes 
use  centres  fixed  to  the  pulleys,  and  revolving  on  a  very  short 
bearing  in  the  side  of  the  frame,  by  which  strength  Is  in<;reased, 
and  friction  very  much  diminished ;  for  to  the  last  moment  die 
motion  of  the  puHey  is  perfectly  circular :  and  this  very  circum- 
stance is  the  cause  of  its  not  wearing  out  in  the  centre  as  soon 
as  it  would,  assisted  by  the  ever-mcreasing  irregularities  of  a 
gullied  bearing.  These  pulleys,  when  well  executed,  apply  to 
jacks  and  other  machines  of  that  nature  with  peculiar  advan- 
tage, both  as  to  the  time  of  going  and  their  own  durability ;  and 
it  is  possible  to  produce  a  system  of  pulleys  of  this  kind  of  six  pr 
eight  parts  only,  and  adapted  to  the  pocket,  which,  by  means 
of  a  skain  of  sewing  silk,  or  a  clue  of  common  diread,  will  raise 
upwards  of  a  hundred  weight. 
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Tbe  friction  of  tlie  palley  is  now  reduced  to  almost  potlnqg 
by  Mr.  Gtrnett's  ingenious  patent  friction-rollers,  which  pro- 
diice  a  great  saving  of  labour  and  expence,  as  well  as  in  tfa^ 
wear  of  the  machine,  both  when  applied  to  pulleys  and  to  the 
axl6s  of  wheel-carriages.  Hi^  general  principle  is  this ;  between 
the  axle  and  nave,  or  centre  pin  aqd  box^  k  bol{ow  space  is  left^ 
to  be  filled  up  by  solid  equal  rollers  nearly  touching  each  other. 
These  are  furnished  with  axles  inserted  into  a  circular  ring  at 
each  end,  by  which  their  relative  distances  are  preserved ;  ao4 
tjiey  are  kept  parallel  by  means  of  wires  fastened  to  die  rings 
between  the  rollers,  and  which  are  rivetted  to  thepi. 

PU  MP,  a  hydraulic  machine  for  raising  water  by  the  pressure 
of  the  atmosphere. 

The  most  impoitant  and  certain  part  of  the  dieory  of  pumps 
has  been  laid  down  in  arts.  524 — 5S8,  of  our  first  volume :  awf 
the  construction  of  two  or  three  kinds  h^s  been  already  de- 
9cnbed  in  this  volume  under  the  articles  centrifugal  mncAni^ 
7IRE  enginCf  forcer,  and  hydraulic  engines*  A  few  other 
liseful,  yet  npt  complex,  pumps,  will  be  described  in  the  present 
article :  and  some  account  will  be  added  of  the  most  ingenioas 
pbtoas  and  valves.. 

■  1 .  A  modification  of  the  sucking-pump  which  has  been  muph 
irecommended,  is  exhibited  in  plate  X^V.  fig.  17.  Here  tM 
suction-pipe  co'  conies  up  throtigh  a  cistern  km^l  deeper  or 
longer  didn  the  intended  stroke  of  the  piston,  and  has  a  valve 
c  at  top.  Tbe  piston,  or  what  actd  in  lieu  of  it,  is  a  tube 
!ahgb,  open  at  both  ends,  and  6i  a  diameter  somev^hat  larger 
than  that  of  the  suction-pipid.  The  interval  between  thein  is 
jBUed  up  at  HG  by  a  ring  or  belt  of  soft  leadier,  ^hiqh  is  fastr 
lened  to  the  outer  tube,  and  moves  up  and  down  with  it,  slidnw 
along  the  smoothly  polished  surface  of  the  suctii6n-pipe  witii 
Very  little  friction.  There  is  a  valve  i  on  the  top  of  tliis  pistoOi 
bpening  up\(rard&  Water  is  poured  into  the  odter  cistern. 
'  The  outer  cylinder  or  piston'  beioff  drawn  up  from  the  bolp> 
torn,  there  is  a  great  rarefaction  of  the  air  which  Was  between 
Ibem,  and  the  atmosphere  presses  the  water  up  through  th^ 
auction-pipe  to  a  certain  height;  for  the  Valve  i  keeps  snat  bf 
the  plessiu'e  of  th^  atmosphere  and  its  own' weight  Pu8hiii|; 
down  the  pistol^  causes  tbe  air,  which  had  expanded  firdm  thd 
iiuction-pipe  into  the  pivston,  to  escape  dirough  the  valve  i : 
drawing  it  Up  a  second  time  allows  the  atmosphere  to  pres^ 
more  water  into  the  suction-pip^,  to  fiU  it,  and  &o  part  of  the 
t>iston.  When  thi^  is  pushed  down  again,  the  water  which  had 
CQ«ie  through  die  valve  c  is  now  fotced  out  throiurh  tbe  valv^ 
X  into  the  cistern  kmkl,  and  n0w  the  whole  is  fidl  of  waeer* 
When,  therefore,  the  piston  is  drawn  upj^  tbe  water  fol|o«i„an4 


Digitized  by 


Google 


Pmg^:  311 

tftts  ky  if  not  SS  feet  A&we  the  water  in  the  cistera ;  and  wben 
it  is  pudied  down  again,  the  water  which  filled  the  piston  is  all 
thrown  oat  into  die  dstem ;  and  after  this  it  delivers  its  full 
^contents  of  water  every  stroke.  The  water  in  die  cistern 
KMKL  effectually  prevents  the  entrance  of  any  air  between  the 
fwo  pipes ;  so  that  a  very  moderate  compression  of  the  belt  of 
.soft  leather  at  die  moudi  of  d^  pbton  cylinder  is  sufficient  to 
xnake  all  perfecdy  tight. 

It  might  be  made  differen^.  The  ring  of  leadier  micht  be 
fiMtened  round  the  top  of  die  inner  cylinder  at  db,  and  sfide  on 
the  inside  of  the  piston  cylinder :  but  the  first  form  is  most 
;eas3y  executed*  Muschenbroeck  has  given  a  figure  of  this 
pump  in  his  large  system  of  natural  philosophy,  and  speaks 
very  highly  of  its  performance.  But  we  do  not  see  any  advan* 
tage  whiich  it  possejises  over  the  common  sucking-pump.  He 
indeed  says  that  it  is  without  fricdon,  and  makes  no  mention  of 
Ae  rinj^  of  leather  between  the  two  cylinders.  Such  a  pump 
wi){  raise  water  extremely  well  to  a  small  height,  and  it  seems 
to  have  been  a  model  on^  which  he  had  examined ;  but  if  die 
mctpon-pipe  be  long,  it  wul  by  no  means  do  wi^out  the  leadierlj 
fot  on  drawing  up  die  piston,  the  water  of  die  upper  cistern  will 
lise  between  the  pipes,  and  fill  die  piston,  and  none  will  come 
pp  through  the  suctiourpipe. 

We  may  take  this  opportunity  of  observing^,  diat  the  many 
^igenious  contrivances  of  pumps  without  friction  are  of  litde 
importance  in  great  works ;  because  the  friction  which  is  com- 
pletely sufficient  to  prevent  all  escape  of  water  in  a  well-con* 
atructed  pump  is  but  a  very  trifling  part  of  the  whole  force.  In 
die  great  pumps  which  are  used  in  mines,  and  are  worked  by  a 
tieam-engme,  it  is  very  usual  to  make  the  pistons  and  valvea 
without  any  {eather  whatever.  The  working  barrel  is  bored 
Irply  cylindrical,  |U|d  the  piston  is  made  of  metal  of  a  size  diat 
irUi  just  pass  along  it  without  sdcking.  When  this  is  drawn 
lip  with  the  velocity  competent  to  a  properly  loaded  machine^ 
w  quaiitiry  of  water  which  escapes  round  the  piston  is  insigni* 
fiqmt  Tlbe  pistoq  is  made  without  leathers,  not  to  avoid  fric- 
tion, which  is  also  insignifipaut  in  such  works ;  but  to  avpid  the 
njBcessity  of  frequendy  dravring  it  up  for  repairs  through  such  a 
lengdi  of  pipes. 

2.  If  a  pump  absolutely  without  friqtion  be  wanted,  the  fol- 
Ibwing  seems  prefer?ible  for  simplicity  and  performance  to  any 
we  have  seep,  when  made  use  of  in  proper  situadons.  Let  no 
(fig.  18.)  be  the  surface  of  the  water  in  the  pit,  and  K  the  place 
of  ddivery.  The  pit  must  be  as  deep  in  water  as  from  k  to 
pp*  43CD  is  a  wooden  trunks  round  or  sqoare,  open  at 
^th  ts^,  and  having  a  valve  f  at  the  bottom.    The  top  of 
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this  trunk  must  be  on  a  level  with  k,  and  has  ft  small  cistern, 
EADF.  It  also  communicates  laterally  with  a  rising  pi|>e 
GiiK,  furnished  with  a  valve  at  h.  opening  upwards,  lm  if 
a  beam  of  timber  so  fitted  to  the  trunk  as  to  ^11  it  without 
sticking,  and  is  of  at  least  equal  length.  It  hangs  by  a  chaii^ 
from  a  working  beam,  and  is  loaded  on  tlie  top  with  weights 
exceeding  that  of  the  column  of  water  which  it  displaces. 
Kow  suppose  this  beam  allowed  to  descend  from  the  positioning 
which  it  is  drawn  in  theligure;  the  water  must  rise  all  around' 
itt  in  the  crevice  which  is  between  it  and  the  trunk,  and  also 
in  the  rising  pipe ;  because  the  valve  p  shuts,  and  h  opens ;  so 
that  when  the  plunger  has  got  to  the  bottom,  the  water  wiD 
stand  at  the  level  of  k.  When  the  plunger  is  again  drawn  up 
to  the  top  by  the  action  of  the  moving  power,  the  water  sinks 
again  in  the  trunk,  but  not  in  the  rising  pipe,  because  it  is 
stopped  by  the  valve  |f .  Then  allowing  die  plunger  to  descend 
9gain,  the  water  ipauai  again  rise  in  the  trunk  to  the  level  of  s, 
and  it  must  now  Qow  out  at  k  ;  and  the  quantity  discharged 
>vill  be  equal  to  the  part  of  the  beam  below  the  surface  of  the 
pit- water,  deducting  the  quantity  which  fills  the  small  space 
between  the  beam  and  the  trunk.  Tliis  quantity  may  be  re- 
duced almost  to  npthing,  for  if  the  inside  of  the  trunk  and  the 
outside  of  the  beam  be  made  tapering,  the  beam  may  be  let 
down  till  they  exactly  fit ;  and  as  this  may  be  done  in  square 
work,  a  good  workman  can  make  it  exceedingly  accurate.  But 
in  this  case,  the  lower  half  of  the  beam  and  trunk  must  not 
taper;  and  this  part  of  the  trunk  must  be  of  sufficient  width 
round  the  beam  to  allow  free  passage  into  the  rising  pipe.  Or, 
which  is  better,  the  rising  pipe  must  branch  off  from  the  bottom 
of  the  trunk.'  A  discharge  may  be  made  from  the  cistern  SAOF, 
so  that  as  little  water  as  possible  may  descend  along  the  trunk 
when  the  piston  is  raised. 

Que  great  excellence  of  this  pump  is,  that  it  is  perfectly  free 
from  all  the  deficiencies  which  in  common  pumps  result  from 
want  of  behig  air-tight.  Another  is,  that  the  quantity  of  water 
raised  is  precisely  equal  to  the  power  expended;  for  any 
want  of  accuracy  in  the  m  ork,  while  it  occasions  a  diminution 
of  the  quantity  of  water  discharged,  makes  an  equal  diminution 
in  the  weight  which  is  absolutely  necessary  for  pushing  down  the 
plunger.  We  have  seen  a  machine  consisting  of  two  such  pumps 
suspended  from  the  arnis  of  a  long  beam,  the  upper  side  of  which 
was  formed  into  a  walk  with  a  rail  op  each  side.  A  man  stood  on 
one  end  till  it  got  to  the  bottom,  and  then  walked  gently  up  to 
the  other  end,  tl^e  inclination  being  about  twenty-five  degree^ 
at  first,  but  gradually  diminished  as  he  went  along,  and  changed 
die  lo^d  of  the  beam.     By  these  meau^  he  made  ^e  other  ^n^ 
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go  to  the  bottom,  su)d  sa  on  alteroately,  wtA  the  easiest  of  all 
exerti^MUy  and  what  we  are  most  fitted  for  by  our  structure. 
With  this  machine,  a  very  feeble  old  man,  weighiug  110 
pounds,  raised  7  cubic  feet  of  water  1  ]  §  feet  hjgh  in  a  minute, 
and  continu/ed  forking  8  or  10  hours  every  day.  A  stout  young 
man,  weighing  nearly  135  pounds,  raised  8  f  to  the  same 
beight;  and  when  be  canied  30  pounds^  conveniently  slung 
about  him,  he  raised  9^  feet  to  that  height,  working  10  hours 
a^ay  without  fatiguing  himself.  This  exceeds  Desaguliers*8 
maximum  of  a  hogshead  of  water  10  feet  high  in  a  minute,  in 
the  proportion  of  9  to  7  nearly.  It  is  Umited  to  very  moderate 
heights  ;  but  in  such  situations  it  is  very  effectual.  Belidor  ap- 
plies a  nearly  similar  contrivance  to  the  working  of  double 
pumps  in  general. 

.  3.  The  most  ingejoious  contrivance  of  a  pump  without 
friction  is  that  of  Mr.  Uaskins,  described  in  Phil.  IVans.  No. 
370,  and  called  by  him  the  QpiCRSiLVER  Pump.  Its  con- 
struction and  mode  of  operation  are  complicated ;  but  the  fol- 
towing  preliminary  observations  will,  we  hope,  render  them 
abundantly  plain. 

Let  there  (fig.  19.)  be  a  cylindrical  Jron  pipe,  about  six  feet 
long,  open  at  top ;  also  another  cylinder,  connected  with  it  at 
bottom,  and  of  smaller  diameter.  It  may  either  be  solid,  or,  if 
bollow,  it  must  be  close  at  top.  Let  a  third  iron  cylinder,  of  an 
^itermediate  diameter,  be  made  to  move  up  and  down  between 
tJie  otiier  two  without  touching  either,  but  with  as  little  interval 
as  possible.  This  middle  cylinder  communicates,  by  means  of 
the  pipe  ab,  with  the  upright  pipe  f£:,  having  valves  c  and  d 
(both  opening  upwards)  adjoining  to  the  pipe  of  communicatioa. 
Suppose  the  outer  cylinder  suspended  by  chains  from  the  end  of 
a  working  beam,  and  let  mercury  be  poured  into  the  interval 
between  the  three  cylinders  till  it  fills  the  space  to  about  diree- 
fourths  of  their  height.  Also  suppose  that  the  lower  end  of  the 
pipe  F£  is  immersed  into  a  cistern  of  water,  and  that  the  valv^ 
p  IS  le^  than  33  feet  above  the  surface  of  this  water. 

Now  suppose  a  perforation  made  somewhere  in  the  pipe  ab, 
and  a  communication  made  with  an  air-pump.  When  the 
air-pump  is  worked,  the  air  contained  in  ce,  in  ab,  and  in 
the  space  between  the  inner  and  middle  cylinders,  is  rarefied, 
and  IS  abstracted  by  the  air-pump ;  for  the  valve  d  imme- 
diately shuts.  The  pressure  of  the  atmosphere  will  cause  the 
"water  to  rise  in  the  pipe  ce,  and  will  cause  the  mercury  to  rise 
|)etween  the  inner  and  middle  cylinders^  and  sink  between  the 
outer  and  middle  cylinders.  Liet  us  suppose  mercury  12  times 
)ieavier  than  water :  then  for  every  foot  that  the  water  rises  in 
^c,  the  level  between  the  outside  and  iuside  mexcury  will  vary  an 
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^Bch;  Mniit  mt  wfpoMtwi  to  he  90  (eetf  then  if  we  cafr  rarely 
the  air  so  as  to  raise  the  watejr  toDf  the  eatsi^  mercuiy  wiU  be 
jdepre89ed  to  jr,  r,  aad  the  inside  mercury  witt  have  risen  to  s,  t, 

Sand  tr  be^qg  about  9Q  inches.  In  this  state  of  tfan^ 
e  water  will  nan  ever  hf  the  pipe  ba,  and  every  thifq^  wm 
lemain  nearty  in  diis  position.  Thje  colnnms  of  water  and 
piereuiy  bafaMBce  each  c^tber^  and  balance  the  pressure  of  die  atr 
inosphere. 

While  things  ipre  in  thif  state  ot  e^jn^ibrinm,  |f  wie  nHow 
the  cylinders  to  jdescend  a  little,  the  wa^  will  Hse  in  the  pipe 
pEy  which  we  mey  now  consider  as  a  suc|tioi>-pipe;  for  by  this 
nu>tion  the  capacity  of  the  whole  is  eiriiirged^  and  therefore  Ap 
pressui^e  of  the  atmosphere  wil)  s^il  ke^ep  it  fu|ly  and  the  situa? 
lion  of  the  mercury  wul  again  b^  such  diat  all  that  be  in  eqm* 
kbrio.  It  will  b^  a  little  lower  m  the  inside  space  and  hi^ief 
^theoataide. 

Taking  this  yiew  of  ibiiigs,  we  se^  pkarly  bow  the  water  is 
mqpported  by  t|M  atmo^ere  at  a  very  cons^rril)le  height^ 
The  apparatus  is  analogous  tp  a  syphon  which  has  one  In- 
filled i9pk  water  and  the  other  with  mercury.  But  it  was  m^ 
necessary  to  en^nloy  an  air-pttmp  to  fill  it  Suppose  it  agah) 
empty,  and  aU  die  rahres  shnt  by  their  own  weight  Let  die 
cylinders  descend  a  little.  The  capacity  of  the  spaces  below 
iihe  Talve  D  b  enlarged,  and  tdprelbre  the  mchided  air  is  rarer 
^ed^  and  some  of  the  air  in  the  pipe  en  must  diffuse  itself  intq 
the  space  quitted  by  the  inner  cylinder.  Therefore  the  atmo? 
sphere  will  press  some  water  up  the  pipe  f^,  and  spme  mercmy 
into  the  inner  space  between  the  cylinders.  When  the  cylinders 
are  raised  agaiui  the  ur  which  came  from  ^the  pipe  cb  wodd 
Mtam  into  it  again,  but  is  prevented  by  the  Talve  c. — Raising 
die  cylinders  to  their  former  height  would  compress  this  air ; 
it  therefore  lifts  the  valve  D,  and  escapes*  Another  depression 
of  the  cylinders  wiU  have  a  similar  effect.  The  water  wUl  rise 
higher  in  fc,  and  the  mercury  in  the  inner  space ;  and  then, 
efter  repealed  strokes  the  water  will  pass  the  valve  c,  and  fin 
dm  whole  iq>paratus,  as  the  ur-pump  had  caused  it  lodo  before. 
The  position  of  the  cylinders,  whm  things  are  in  this  situatioB, 
ia  represented  in  fig.  20.  die  outer  and  inner  cyKnder  m  theif 
lowest  position  having  descended  about  30  inches.  The  mer? 
eury  in  the  outer  space  stands  at  ^,  r,  a  litde  above  the  nriddte 
of  the  cylinders,  and  the  meienry  in  ^e  inner  space  is  nfmr  the 
lof^  Is  c^  the  inner  cyKnder.  Now  let  the  cyliiiders  be  drawii 
up.  The  water  above  the  mercury  cannot  get  back  again 
nrough  the  valve  c,  which  shuts  by  its  own  weig^  We 
dierefore  attempt  to  compress  it;  but  the  mercury  yieldiL  and 
descends  in  the  mner  space,  and  rises  in  dte  outer  tul  both  ar; 
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ffjickAj  on  a  Itwfif  about  the  height  m.  If  we  continue  to 
Vaise  die  cylinders,  the  compression  forces  out  more  mercury, 
and  it  npw  stauids  lower  in  the  iun/er  than  in  the  outer  spape. 
Put  that  there  may  be  something  to  balance  this  inequabty.of 
the  mercurial  cohirons^  die  water  goes  through  the  valve  o,  and 
the  equilibrium  is  restored  when  the  height  of  the  water  in  the 
pipe  Bp  above  the  surface  of  the  internal  mercury  is  12  times 
the  difference  of  the  mercurial  columns  (on  the  former  sup- 
position of  9peci6c  gravity).  If  the  quantity  of  water  be  such 
aa  to  rise  two  feet  in  the  pipe  ed,  the  mercury  iu  the  outer 
apace  will  be  two  inches  higher  than  that  in  the  inner  space. 
Another  depression  of  the  cyUnders  will  again  enlarge  the  spacer 
within  die  apparatus,  the  mercury  will  take  the  position  of 
ii^*  19.  and  inore  water  will  come  in.  Raising  die  cylinder^ 
will  send  diis  water  four  feet  up  the  pipe  £0,  ai^  die  mercury 
will  be  four  inches  higher  iu  the  inner  than  iu  the  outer  space. 
Kepeating  this  operation,  the  water  wU  be  raised  still  higher 
in  DB ;  and  this  wdl  go  on  till  the  mercury  in  the  oi|ter  spac^, 
reaches  the  top  of  die  cylinder ;  and  this  is  the  limit  of  th^ 
perfonnance.  The  dimensions  with  which  we  set  out  will 
ieuable  the  machine  to  r^ise  the  water  about  80  feet  in  the  pipe 
ED ;  which,  added  to  the  SO  feet  of  of,  makes  the  whole  height 
above  the  pit-water  f)0  feet.  By  making  the  cylinders  longer, 
ve  mcrease  the  height  of  fd.  This  machine  must  be  worked 
With  great  attention,  and  but  slowly ;  for  at  the  beginning  oC 
the  forcing  stroke  the  mercury  very  rapidly  sinks  in  the  inner 
space  and  rises  in  the  outer,  and  will  dash  out  and  be  lost.  To 
prevent  this  as  much  as  possible,  the  outer  cylinder  terminatef 
in  a  sort  of  cup  or  dish,  and  the  inner  cylinder  shguld  be  tapered 
iat  the  top. 

*  The  machine  is  exceedingly  ingenious  and  refined ;  and  there 
|3  no  doubt  but  that  its  performance  will  exceed  that  of  any 
other  pump  which  raises  the  water  to  the  same  height,  because 
friction  is  completely  avoided,  and  there  can  be  no  want  oS 
tightness  of  the  piston.  But  this  is  ail  its  advantage;  andfiroiOr 
'what  has  been  observed,  it  is  but  trifling.  The  expence  wouU 
)be  enormous ;  for  with  whatever  care  the  cylinders  are  raade» 
die  interval  between  the  inner  and  outer  cylinders  must  contain 
a  very  great  quantity  of  mercury.  The  middle  cyUader  must 
be  made  of  iron  plate,  and  must  be  without  a  seam,  for  the 
mercury  would  dissolve  every  solder.  For  such  reasons,  it  baa 
sever  come  into  general  use.  But  it  would  have  been  unpar- 
donable to  have  omitted  the  description  of  an  invention  whicb 
k  so  orupnal  and  ingemons ;  and  diere  are  some  occaaiona  where 
^  may  be  of  great  use^i  as  io  nice  e»f  eiwent$  for  ilUutrating 
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the  theory  of  hydraulics,  it  would  give  the  finest  pistons  for 
Hicasuring  the  pressures  of  water,  in  pfpes,  &c. 

The  following  pump,  without  friction,  may  be  constmcted 
in  a  variety  of  ways  by'  any  common  carpenter,  without  the 
assistance  of  the  pump-maker,  or  plumber,  and  will  be^  very 
effective  for  raising  a  great  quantity  of  water  to  small  heights, 
as  in  draining  marshes,  marie  pits,  quarries,  8cc.  or  even  for  the 
service  of  a  house. 

4.  ABC  D  (pi.  XXV.  fig.  21.)  is. a  square  trunk  of  carpenter's 
work  open  at  both  ends,  and  having  a  little  cbtem  and  spout 
at  top.  Near  the  bottom  there  is  a  partition  made  of  board, 
perforated  with  a  hole  e,  and  covered  with  a  clack,  ffff 
represent  a  long  cylindrical  bag  made  of  leather  or  of  double 
canvas,  with  a  fold  of  thin  leather,  such  as  sheepskin,  between 
Ae  canvas  bags.  This  is  firmly  nailed  to  die  board  e  with  soft 
leather  between.  The  upper  end  of  this  ba^  b  fixed  on  a  round 
board  having  a  hole  and  valve  V*  This  board  may  be  turned 
in  the  lathe  with  a  groove  rouncl  its  edge,  and  the  bag  fastened 
to  it  by  a  cord  bouiid  tight  round  it.  The  fork  of  the  pbton- 
rod  FG  is  firmly  fixed  into  thb  board ;  the  bag  b  kept  distended 
by  a  number  of  wooden  hoops  or  rings  of  strong  ^^ffyfff 
ffy  8cc.  put  iuto  it  at  a  few  inches  distance  from  each  odier.  It 
will  be  proper  to  connect  these  hoops  before  putting  them  in. 
by  three  or  four  cords  from  top  to  bottom,  which  will  keep 
them  at  their  proper  dbtances.  Thus  will  the  bag  have  the 
form  of  a  barber's  bellows  powder-puff.  Tlie  dbtance  between 
the  hoops  should  be  about  twice  the  breadth  of  the  rim  of  the 
wooden  ring  to  which  the  upper  valve  and  pbton-rod  are  fixed. 

Now  let  diis  trunk  be  immersed  in  the  water.  It  b  evident 
that  if  the  bag  be  stretched  from  the  compressed  form  which  its 
owe  weight  will  give  it  by  drawing  up  the  pbton-rod,  its  capa- 
city will  be  enlarged,  the  valve  f  will  be  shut  by  its  own 
weight,  the  air  in  the  bag  will  be  rarefied,  and  the  atmosphere 
will  press.the  water  into  the  bag.  When  the  rod  is  tbru'^t  down 
again,  thb  water  will  come  out  by  die  valve  f,  and  fill  part  of 
die  trunk.  A  repedtion  of  the  operadon  will  have  a  similar 
effect ;  the  trunk  will  be  filled,  and  the  water  will  at  last  be 
discharged  by  the  spout. 

Here  b  a  pump  without  fricdon,  and  pcrfecdy  tight.  For 
the  leather  between  the  folds  of  canvas  renders  the  bag  imper- 
vious both  to  air  and  water.  And  the  canvas  has  very  con- 
sideirable  strength.  We  know  from  experience  that  a  bag  of 
six  bches  diameter,  made  of  sail-cloth  No.  3.  widi  a  shetpl 
skin  between,  will  b^  a  column  of  15  feet  of  water,  and  stand 
six  hours  work  per  day  for  a  mondi  widiout  failuie,  and  that 
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tbe  pump  18  considerably  superior  in  effect  to  a  common  pump 
of  the  same  dimensions.  We  must  only  observe,  that  the 
length  of  the  bag  must  be  three  times  the  intended  length  of 
the  stroke ;  so  that  when  the  piston-rod  is  in  its  highest  positioni 
the  angles  or  ridges  of  the  bag  may  be  pretty  acute.  If  the  bag 
be  more  stretched  than  this,  the  force  which  must  be  exerted  by 
the  labourer  becomes  much  greater  tfian  the  weight  of  the 
column  of  water  which  he  is  raising.  If  the  pump  be  laid 
aslope,  whicb  is  very  usual  in  diese  occasional  and  hasty  draw^ 
ings^  it  b  necessary  to  make  a  guide  for  the  piston-rod  within 
the  trunk,  that  the  bag  may  play  up  and  down  without  rubbing 
on  the  sides,  which  would  quickly  wear  it  out. 

The  experienced  reader  will  see  that  this  pmnp  is  very  like 
that  of  Gosaet  and  De  la  DeuUle,  described  by  Belidor,  vol.  if. 
p.  120,  and  most  writers  on  hydraulics.  It  would  be  still  more 
like  it,  if  the  bi^  were  on  the  under  side  of  tlie  partition  k,  and 
a  valve  placed  fiirther  down  the  trunk.  But  we  think  that  oin* 
.  form  is  greatly  preferable  in  point  of  strength.  When  in  the 
other  situation,  the  colpmn  of  water  lifted  by  the  piston  tends  to 
burst  the  bag,  and  this  with  a  great  force,  as  the  intelligent 
reader  well  knows.  But  in  the  form  recommended  here,  the 
bag  is  comnre$ied^  and  the  strain  on  each  part  may  be  made  much 
less  than  that  which  tends  to  burst  a  bag  of  six  inches  diameter. 
The  nearer  the  rings  are  placed  to  each  other  the  smaller  will 
the  strain  be. 

The  same  bag-piston  may  be  employed  for  a  forcing-pump, 
by  placii^  it  below  the  partition,  and  inverting  the  valve ;  and 
it  will  then  be  equally  strong,  because  the  resistance  in  this  case 
too  will  act  by  compression. 

5.  An  ingenious  variation  in  the  construction  of  the  sucking* 
pomp,  is  that  with  two  piston-rods  in  tlie  same  barrel,  invented 
by  the  late  Mr.  W.  Ta}'lor,  of  Soutliampton.  A  vertical  section 
of  this  pump  is  given  in  fig,  1 .  pi.  XXIV.  The  piston-rods  have 
racks  at  their  upper  parts  working  on  the  opposite  sides  of  a 
pinion,  and  kept  to  their  proper  positions  by  friction-rollers. 
The  valves  used  in  this  pump  are  of  three  kinds,  as  shewn  at  a, 
i,  add  c.  The  former  is  a  spheric  segment  which  slides  up  and 
down  on  the  piston-rod,  and  is  brought  down  by  its  own  weight: 
the  second,  6,  is  called  the  pendulum-valve  :  and  the  third,  c,  is 
a  globe  which  is  raised  by  the  rising  water,  and  falls  again  by  its 
own  weight.  Each  of  tliese  valves  will  disengage  itself  from 
chips,  sand,  gravel,  8lc.  brought  up  by  the  water.  In  this  kind 
of  pump  the  pistons  may  either  be  put  in  motion  by  a  handle  in 
the  usual  way,  or  a  rope  may  pass  round  the  wheel  cfe  in  a 
proper  groove,  the  two  ends  of  which,  after  crossing  at  the  lower 
part  of  the  wheel,  may  be  pulled  by  one  man  or  more  on  each 
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side.  A  pttrnpofthtskwdywilbaseveM-fBclilKfreyieateffstoti 
twenty-four  feet  high  ki  a  minute^  witk  leu  men,  five  oaly  work- 
ing at  a  time  oa  each  side. 

6.  Another  improveisent  of  the  comtnoB  pump  has  been 
made  by  Mr.  Todd  of  Hull.  This  ioventioa  m  some  partictt- 
lai^  bears  a  resemblance  to  the  ordinary  one,  but  he  has  con- 
trived to  double  its  powers  by  the  following  means : 

Having  prepared  the  piston-cylinder,  which  may  be  twelve 
fieet  high,  he  cuts  fiom  the  bottom  thereof  about  three  feet; 
at  the  end  of  the  great  cylinder  be  places  an  atmospherie-Taivc^ 
and  to  the  top  of  the  small  cylinder  a  servine-wve.  In  tkd 
bottom  of  the  small  cylinder,  which  contains  the  serving-valve, 
is  inserted  an  oblong  elliptical  curved  tube,  of  equal  calibre 
with  the  principal  cylinder,  and  the  other  end  is  asain  inserted 
in  the  top  of  the  great  cylinder.  This  tube  is  divided  in  the 
same  nurnner  as  the  first  cylinder,  with  atmosi^ieric  and  servmg 
valves,  exactly  parallel  to  the  valves  of  the  first  cjlinder. 
The  pump,  thus  having  double  valves,  produces  double  effects^ 
whidi  effects  may  foe  still  further  increased  by  extending  ike 
dimensions. 

The  cylinder  is  screwed  for  service  on  a  male  tube-screw^ 
which  projects  from  the  side  of  a  reservoir  or  water  cislem,  and 
is  worked  by  hand. 

The  piston-plunger  is  worked  by  a  toothed  s^raent-wheel, 
similar  to  the  principle  of  the  one  used  in  working  the  chain- 
pumps  of  sliips  belonging  to  the  royal  navy;  and  the  wheat 
receives  its  motion  from  a  band-winch,  whidi  is  considerably 
accelerated  by  a  fly-wheel  of  variable  dimensions^  at  the  opp<^ 
site  end. 

This  pump,  in  addition  to  its  mcreased  powers,  possesses 
another  very  great  and  pronunent  advantage.  By  screwing  to 
It  the  long  leather  tube  and  fire-pipe  of  the  common  engine,  it 
is  in  a  few  minutes  converted  into  an  effective  fire-engine. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  convenient 
domestic  apparatus  against  fire.  Three  men  can  work  it ;  one 
to  turn  the  winch,  another  to  direct  the  fire-pipe,  and  a  third  to 
supply  the  water. 

7.  Double,  triple,  or  quadruple  pumps,  admit  ofgreat  variety 
in  their  construction^  to  suit  different  purposes.  The  best  col- 
lection of  these  with  which  we  are  acquainted  is  to  be  found 
in  Leupold's  Theatrum  Machinarum  HydrauUcarum :  some  in 
this  collection  are  very  singular  and  ingenious,  and  have  par^ 
ticular  advantages  to  suit  local  circumstances,  and  give  them  a 
preference.  The  late  Mr.  Benjamin  Martin  invented  a  cnrious 
and  powerful  pump  with  two  pistons,  the  friction  of  which  was 
exceedingly  small.    An  admirable  engraving  of  this  pmnp^  bj 
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lA^mrjf^  is  gireti  b  yoL  20.of  Tilk>ch'9  Phioaopfhical  MagaesM. 
Tile  triple  pump,  a  sketch  of  which  may  be  seen  in  fig.  9.  pi. 
XXIV.  k  takea  from  Bockler^s  Theatrum  Machtnarum:  the 
nature  of  the  machinery  by  which  this  pamp  n  worked  will  be 
aufficieiitly  obvious  to  asy  person  after  an  inspection  of  dK9 
^gnre:  the  horizootal  wheel  c,  and  its  shaft  a,  are  turned  by  the 
c«|Mtan  bars  b,  this  wheel  drives  the  pinion  d,  on  the  axle  at 
*wlMch  b  the  equalising  fly  k,  and  the  crank  f:  the  rotatory 
VK>tion  of  the  cvank  dteraately  raises  and  depresses  the  bar  o, 
^di  the  lever  h  turning  on  a  roller  and  pivots,  and  thus  works 
the  pump  I:  at  die  same  time  the  connecting  rods  K  move  Ih 
like  Buumer  the  lever  m,  and  work  die  pump  o;  ttid  the  rods  It 
aaove  the  lever  n,  and  work  the  pmnp  p.  If  the  levers  tt,  h,  H, 
sure  not  so  contrived  that  the  extrenuttes  of  each  shall  move 
through  equal  spaces,  the  bores  of  i,  o,  and  p,  must  tie  made  in 
the  inverse  ratio  of  those  spaces,  otherwise  one  or  other  of  the 
reservoirs  may  be  drawn  dry;  a  defect  that  should  be  cai^Mly 
gttatrded  against. 

8.  Our  attention  may  now  be  itirected  to  some  of  the  diF- 
fereat  forms  which  may  be  givea  to  the  pistons  and  vahes  of  4 
pvmp. 

The  great  desideratum  in  a  piston  is,  that  while  it  be  as  tight 

as  possible^  it  should  have  as  litde  friction  as  is  consistent  with 

this  indispensable  quality.    The  common  form,  when  carefully 

^secuted,  possesses  these  properties  in  an  eminent  degree.  This 

piston  is  a  sort  of  truncated  cone,  generally  made  of  wood  not 

apt  to  split,  sttch  as  elm  or  beech.    The  small  end  of  it  is  cut 

oiBT  at  die  ^es,  so  as  to  form  a  soit  of  arch,  by  which  it  is  fast^ 

ened  to  the  iron  rod  or  spear.    The  two  ends  of  the  conical 

part  may  be  hooped  vrith  brass.    This  -cone  has  its  larger  end 

surrounded  with  a  ring  or  band  of  strong  leather  fiistenaj  with 

juails,  or  by  a  copper  hoop,  which  is  driven  on  it  at  the  smaller 

end;  the  fiurther  tlus  end  reaches  beyond  the  base  of  the  cone,  die 

better;  and  the  whole  must  be  of  uniform  thickness  all  round, 

•o  as  to  suffer  equal  compression  between  the  cone  and  working 

barrel.    The  seam  or  joint  of  the  two  ends  of  this  baiid  must 

be  made  very  close ;  but  not  sewed  or  stitched  together,  as  that 

would  occasion  bumps  or  inequalities,  which  would  spoil  its 

tightness;  and  no  harm  can  result  from  the  want  of  it,  because 

the  two  edges  will  be  scpieezed  close  together  by  the  compress 

sioB  in  the  barrel.    Nor  b  it  by  any  means  necessary  that  this 

compresnon  be  great:  this  is  a  very  detrimental  error  of  the 

pueop-mokers.     It  occasions  enormous  friction,  and  destroys 

the  very  purpose  which  they  have  in  view,  vtz.  rendering  die 

piston  air-tight :  for  it  causes  the  leather  to  wear  throu^  very 

soon  at  the  edge  of  llie  cone,  and  it  also  wears  the  working 
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barrel.    This  very  soon  becomes  wide  in  that  part  whicb  m 
continually  passed  over  by  the  piatoo,  while  the  mouth  remsias 
of  its  original  diameter,  and  it  becomes  impog^ible  to  thru^  m 
a  pibton  which  shall  completely  All  the  worn  part.    Now^  a  verj 
moderate  pressure  is  sufficient  for  rendering  die  pump  perfectlj 
tight,  and  a  piece  of  glove  leather  would  be  sufficient  for  this  pur- 
pose,  if  loose  or  detached  from  the  solid  cone;  for  snppose  such 
a  loose  and  flexible,  but  impervious,  band  of  leather  pat  round 
the  piston,  and  put  into  the  barrel ;  and  let  it  even  be  supposed 
that  the  cone  does  not  compress  it  in  the  smallest  degree  to  its 
internal  surface.     Pour  a  little  water  carefully  into  the  inside  of 
this  sort  of  cup  or  dish;  it  will  cause  it  to  swell  out  a  little,  and 
apply  itself  close  to  the  barrel  all  round,  and  even  adjust  itself 
to  all  its  inequalities.     Let  tis  suppose  it  to  touch  the  barrel  in  a 
xing  of  an  inch  broad  all  round.     We  can  easily  compute  Ae 
force  with  which  it  is  pressed.    It  is  half  the  weight  of  a  ring  of 
water  an  inch  deep  and  an  inch  broad.    This  is  a  trifle,  and  the 
friction  occasioned  by  it  not  worth  regarding ;  yet  this  trifiii^ 
pressuie  is  sufficient  to  make  the  passage  perfectly  impervious^ 
even  by  the  most  enormous  pressure  of  a  high  column  of  in- 
cumbent water:  for  let  diis  pressure  be  ever  so  great,  the  presr 
sure  by  which  the  leather  adheres  to  the  barrel  always  exceeds 
it,  because  the  incumbent  fluid  has  no  preponderatifig  power  by 
which  it  can  force  its  way  between  them,  and  it  must  msinuate 
itself  precisely  so  far,  that  its  pressure  on  the  inside  of  the  leather 
shall  still  exceed,  and  onlv  exceed,  the  pressure  by  which  it  eo- 
dcavours  to  insinuate  itself;,  and  thus  the  piston  becomes  per* 
fectly  tight  with  the  smallest  possible  friction.     This  reasoning 
is  perhaps  too  refined  for  the  iminstructed  artist,  and  probably 
will  not  persuade  him.    To  such  we  would  recommend  an  ex- 
amination of  the  pistons  and  valves  contrived  and  executed  by 
that  artist,  whose  skill  far  surpasses  our  highest  concepdoos^ 
the  all-wise  Creator  of  this  world.    The  valves  which  shut  up 
the  passages  of  the  veins,  and  this  in  places  where  an  extravasa- 
tion would  be  followed  by  instant  death,  are  cups  of  thin  mem- 
brane, which  adhere  to  the  ^des  of  the  channel  about  half  M»y 
round,  and  are  detached  in  the  rest  of  their  circumference. 
When  the  blood  comes  in  the  opposite  direction,  it  pushes  the 
membrane  aside,  and  has  a  passage  perfectly  free.     But  a 
stagnation  of  motion  allows  the  tone  of  the  (perhaps)  muscular 
membrane,  to  restore  it  to  its  natural  shape,  and  the  least  motiou 
in  the  opposite  direction  causes  it  instantly  to  clap  close  to  the 
sides  of  the  vein,  and  then  no  pressure  whatever  can  force  a 
passage.     We  shall  recur  to  this  again  when  describing  the 
various  contrivances  of  valves,  &c.     What  we  have  said  ii 
enough  for  supporting  our  directions  for  constuictinjj^  a  tight 
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piston.  But  we  recoiriipeDd  thick  and  strong  leather,  ^Ha 
our  present  reasoning  seems  to  render  thin  leather  preferable. 
If  the  leather  be  thin^  and  the  ^olid  piston  in  any  part  does  not 

Eress  it  gently  to  the  barrel,  there  will  be  in  this  part  an  unba* 
meed  pressure  of  the  incumbent  column  of  water^  which  would 
instantly  burst  even  a  strong  leather  bag ;  but  when  the  solid 
piston,  covered  with  leather,  exactly  fills  the  barrel,  and  is  evea 
pressed  a  little  to  it,  there  is  no  such  risk;  and  now  that  part  of 
the  leather  baud  which  reaches  beyond  the  solid  piston  performs 
i^  office  in  the  completest  manner.  We  do  not  hesitate^  there* 
forcj  to  recommend  this  form  of  a  piston,  which  is  the  most 
common  and  simple  of  al|^  as  preferable,  when  well  executed^ 
to  many  of  those  more  artificial,  and  frequently  very  ingenious^ 
constructions,  which  we  have  met  with  ip  the  works  of  the  first 
eo^neers. 

Belidor,  an  author  of  the  first  reputation,  has  given  the 
description  of  a  piston  which  he  highly  extols,  and  is  undoubt- 
edly a  very  good  ooe,. constructed  from  principle,  and  extremely 
weU  composed. 

9.  It  consists  of  a  hollow  cylinder  of  metal  (pl.XXV.;fis.22.) 
pierced  with  a  number  of  holes,  and  having  at  top  a  nancb^ 
whose  jdiameter  is  nearly  equal  to  that  of  the  working  barrel  of 
the  pump«  This  fianch  has  a  groove  round  it.  There  is  another 
flaoch  below,  by  which  tliis  hollow  cylinder  is  fastened  with 
bolts  to  the  lower  end  of  the  piston,  represented  in  fig.  93. 
This  consists  of  a  plate  with  a  grooved  edge  similar  to  ab,  and 
an  intermediate  plate  which  forms  the  seat  of  the  valve.  The 
composition  of  Uus  part  is  better  understood  by  inspecting  the 
figure  than  by  any  description.  The  piston-rod  hl  is  fixed  to. 
tlie  upper  plate  by  bolts  through  its  different  branches  at  g,  o. 
This  metal  body  is  then  covered  with  a  cylindrical  bag  of  lea- 
ther, fastened  on  it  by  cords  bound  round  it,  filling  up  the 
grooves  in  tlie  upper  and  lower  plates.  The  operation  of  the 
piston  b  as  follows. 

A  little  water  is  poured  into  the  piunp,  which  gets  past  the 
iides  of  the  piston,  and  lodges  below  in  the  fixed  valve.  The 
piston  faeiuff  pushed  down  dips  into  tiiis  water,  and  it  gets  into 
it  by  the  valve^  But  as  the  piston  in  descending  compresses 
the  air  below  it,  this  compressed  air  also  gets  into  the  inside  of. 
the  piston,  swells  out  the  bag  which  surrounds  it,  and  com- 
presses it  to  the  sides  of  the  working-barrel.  When  the  piston 
is  drawn  up  again,  it  must  remain  tight,  because  the  valve  will 
shut  and  keep  in  the  air  in  its  most  compressed  state;  therefore 
the  piston  must  perform  well  during  the  suction.  It  must  |ict 
equally  well  when  pushed  down  again,  and  act  as  a  forcer ; 
for,  however  great  the  resbtance  aHay  be,  it  will  affect  the  air 
vol..  II.  Y 
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tvithin  the  piston  to  the  same  degree,  and  keep  the  leather  clostf 
applied  t6  the  barrd.  There  can  be  no  doubt  therefore  of  the 
piston's  performing  both  its  offices  completely ;  but  we  imagincr 
that  the  adhesion  to  the  barrel  will  be  greater  tbdn  is  necessarr : 
it  will  extend  over  the  whole  surface  of  the  piston,  and  be  equally 
great  in  every  part  of  its  surface;  and  we  suspect  that  the  friction 
will  therefore  be  very  great.  We  have  Very  high  authol-ity  for 
supposing  that  the  adhesion  of  a  piston  of  the  common  form,' 
Carefully  made,  will  be  such  as  will  make  it  perfectly  Ught;  and 
it  is  evident  that  the  adhesion  of  Belidor's  piston  will  be  mudi 
greater,  and  it  will  be  productive  of  worse  consequences.  If 
the  leather  bag  be  worn  through  in  any  one  place,  the  air 
escapes,  and  the  piston  ceases  to  be  compressed  altogether; 
whereas  in  the  common  piston  thef  e  will  very  little  harm  result 
from  the  leather  being  worn  through  in  one  place,  especially  if 
it  project  a  good  way  beyond  the  base  of  the  cone.  We  still 
think  the  common  piston  preferable. 

10.  Belrdor  describes  another  forcing  piston,  which  he  had 
executed  with  success,  and  prefers  Uf  the  common  wooden 
forcer.  It  consists  of  a  metal  cylinder  or  cone,  having  a  broad 
flancfa  united  to  it  at  one  end,  and  a  similar  flanch  which  is 
screwed  on  the  other  end.  Between  these  two  plates  are  a^ 
number  of  rings  of  leather  strongly  compressed  by  the  two 
flanches,  and  then  turned  m  a  lathe  like  a  block  of  wood,  till  the 
tvhole  fits  tight,  when  dry,  into  the  barrel.  It  wilt  sweH,  says 
he,  and  soften  with  the  water,  and  withstand  the  greatest  pres- 
sures. We  cannot  help  thinking  this  but  an  indifferent  piston. 
When  it  wears,  there  is  nothing  to  squeeze  it  to  the  barrel.  It 
may  indeed  be  taken  out  and  another  ring  or  two  of  leather  pat 
in,  or  the  flanches  may  be  more  strongly  screwed  together :  but 
all  this  may  be  done  with  any  kind  of  piston  ^  and  this  has  there* 
fore  no  peculiar  merit. 

1 1 .  The  following  will,  we  presume,  appear  greatly  prefer- 
able. ABCD  (fig.  24.),  is  the  solid  wooden  or  metal  block  of  the 
piston;  ef  is  a  metal  plate,  which  is  turned  hollow  or  didi-like 
below,  so  as  to  receive  within  it  the  solid  block.  The  piston- 
rod  goes  through  the  whole,  and  has  a  shoulder  above  the  plate 
£F,and  a  nut  h  below.  Four  screw-bolts  also  go  through  the 
whole,  having  their  hends  sunk  into  the  block,  and  nuts  above. 
The  packing,  or  stufling,  as  it  is  termed  by  the  workmen,  is  re- 
presented at  NO.  This  is  made  as  soKd  as  possible,  and  generally 
consists  of  soft  hempen  twine  well  soaked  in  a  mixture  of  oil, 
tallow,  and  rosin.  The  plate  ef  is  gently  screwed  down,  and 
die  whole  is  then  put  into  the  barrel,  fitting  it  as  tight  as  may 
be  thought  proper.  When  it  wears  loose,  it  may  be  tightened 
at  any  lime  by  screwing  down  {he  nuts  which  cause  the  edges 
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of  the  dish  to  squeeze  out  thejuicking,  and  compresses  it  against 
thfe  barrel  to  any  degree. 

The  greatest  difficulty  in  the  construction  of  a  piston  is  to 
give  ^  sufficient  passage  through  it  for  the  water,  and  yet  allow 
a  firm  support  for  the  valve,  and  fixture  for  the  piston-rod. 
It  occasions  a  considerable  expense  of  the  moving  power  to 
force  a  piston  with  a  narrow  perforation  through  the  water  lodg- 
ed in  the  working  barrel.  When  we  are  raising  water  to  a 
'small  height,  such  as  10  or  20  feet,  the  power  so  expended 
amounts  to  a  fourth  part  of  the  whole,  if  the  water-way  in  the 
piston  is  less  than  one -half  of  the  section  of  the  barrel,  and  the 
velocity  of  the  piston  two  feet  per  second,  which  is  very  mo- 
derate. There  can  be  no  doubt,  therefore,  that  metal  pistons  are 
preferable,  because  their  greater  strength  allows  much  wider 
apertures. 

12.  The  following  piston,  described  and  recommended  by 
Bdidor,  seems  as  perfect  in  these  respects  as  the  nature  of 
things  will  allow.  We  shall  therefore  describe  it  in  the  au- 
thor's own  words,  as  a  model  which  may  be  adopted  with  con- 
fidence in  the  greatest  works. 

"  The  body  of  the  piston  is  a  truncated  metal  cone  ccxx 
(fig.  25.),  having  a  small  fillet  at  the  greater  end.  Fig.  26. 
•bows  the  profile,  and  fig.  27,  the  plan  of  its  upper  base ;  where 
appears  a  cross  bar  dd,  pierced  with  an  oblong  mortise  e  for 
receiving  the  tail  of  the  piston-rod.  A  band  of  thick  and 
uniform  leather  a  a  (fig.  26.  and  28.)  is  put  round  this  cone, 
and  secured  by  a  brass  hoop  bb  firmly  driven  on  its  smaller 
«nd,  where  it  is  previously  made  thinner  to  give  room  for  the 
hoop. 

*^  This  piston  is  covered  with  a  leather  valve,  fortified  with 
metal  plates  go  (fig.  29.).  These  plates  are  wider  than  the 
bole  of  the  piston,  so  as  to  rest  on  its  rim.  There  are  similar 
plates  below  the  leather,  of  a  smaller  size,  that  they  may  go  into 
the  hollow  of  the  piston;  and  the  leadier  is  firmly  held  be- 
tween the  metal  plates  by  screws  h,  h,  which  go  through  all. 
This  is  represented  by  the  dotted  circle  ik.  Thus  the  pressure 
of  the  incumbent  column  of  water  is  supported  by  the  plates 
OQf  whose  circular  edges  rest  on  the  brim  of  the  water-way, 
and  thus  straight  edges  rest  on  the  cross-bar  on  of  fig.  26  and 
£7.  This  valve  is  laid  on  the  top  of  the  conical  box  in  such  a 
manner  that  its  middle  ff  rests  on  the  cross-bar.  To  bind  all 
together,  the  end  of  the  piston-rod  is  formed  like  a  cross,  and 
the  arms  mn  (fig.  30.)  are  made  to  rest  on  the  diameter  fp  of 
^  valve,  the  tail  ep  going  through  the  hole  e  in  the  middle 
of  the  leather,  and  through  the  mortise  e  of  the  cross-bar  of 
the  box ;  as  well  as  through  another  bar  aR  (fig.  28.  and  29.) 
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wUdb  is  Dotc&ed  into  the  lower  brim  of  Ae  box.  A  kef  T 
is  then  dnveir  into  the  hole  t  in  the  piston-rod ;  and  this^ 
wedges  all  finst.  Hie  bar  gR  is  made  strong ;  and  its  extre^ 
mi  ties  project  a  little,  so  as  to  snpport  the  brass  hoop  bb^ 
which  binds  the  leather  band  to  the  pbton-box." 

This  piston  has  every  advantage  of  strength,  tightnesSy  and 
large  water-way.  The  form  of  die  valve  (whieh  ha»  pvea  il 
ike  name  of  the  butterfly-valve)  is  extremely  favourable  to  the 
passage  of  the  water ;  and  as  it  has  but  half  the  modoB  of 
a  com^te  circttlar  valve^  less  watar  goes  back  whSe  it  w 
•hutting. 

IS.  The  following  piston  is  also  ingenious^  aad  has  m  good 
deal  of  merit  ofpo  <pl.  XXIV.  fig.  ^.)  is  the  box  of  the 
piston,  having  a  perforation  q,  covered  above  witk  a  fbt  vahre 
K,  vriiich  rests  in  a  metal  plate  that  forms  the  top  of  tbe  bos. 
ABCBA  is  a  stirrup  of  iron  to  which  the  box  is  fixed  by  screws 
tf,  a.  Of  a,  whose  beads  are  «unk  in  die  wood.  This  stirmp  is 
perforated  at  c^  to  receive  the  end  of  the  p»ton-rod,  and  a  aot 
H  is  screwed  on  below  to  keep  it  fast  dbfbd  i»  mooAnt 
stirrup,  whose  lower  part  at  dd  forms  a  hoop  like  the  sole  of 
a  stirrup^  which  embraces  a  small  part  of  the  top  of  the 
wooden  box.  The  lower  end  of  the  pisto^rod  is  serewed  ^ 
aed  before  it  is  put  into  die  holes  of  the  two  stirrups  (diroagh 
which  boles  it  slides  freely)  a  broad  nut  g  is  scnewed  ob  it  |i 
is  then  put  into  the  holes,  and  th^  nut  h  firmly  Screwed  ii^ 
The  packing  rr  is  then  wound  about  the  piston  as  tight  as 
possible  till  it  completely  fills  the  working*barrel*of  ibe  pump. 
When  long  use  has  rendered  it  in  any  degree  loose,  it  may  be 
tightened  aguin  by  screwing  down  the  nut  o.  This  causes  the 
ring  DD  to  compress  the  packing  between  it  and  die  projecting; 
shoulder  of  the  box  at  pf  ;  and  thus  causes  it  to  swell  out,  and 
apply  itself  closely  to  the  barrel.  Prony,  in  his  Ai^itecturt 
Hydraulique,  ascribes  this  inv^ition  to  M.  Bettancourt. 

14.  We  diall  add  only  another  form  of  a  perforated  piston; 
wbich  being  on  a  principle  different  from  all  the  preceding,  will 
s«iggest  many  others  ;  each  of  which  will  have  its  pecnliar  ad- 
vantages,  oo  in  fig. 3.  pi.  XXIV.  represents  the  box  of  this 
piston,  fitted  to  the  working-barrel  in  any  of  the  preceding  ways 
as  niajr  be  thought  best,  ab  is  a  cross-bar  of  four  arBM> 
which  is  fixed  to  die  top  of  the  box.  of  as  the  pislon-rod 
going  through  a  hole  in  the  middle  of  ab,  and  reaching  a  little 
way  beyond  the  bottom  of  the  box.  It  has  a  shoulder  d, 
which  prevents  its  going  too  for  through.  On  the  lower  end 
there  is  a  thick  metal  plate,  turned  conical  on  its  upper  ude, 
so  as  to  fit  a  conical  seat  pp  iu  the  bottom  of  tbe  piston^box. 

When  die  piston-rod  is  pushed  down^  the  frictioa  <m  ^ 
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fcwrrJ  prciieiid  the  Imm  'from  immediately  yielding.  The  rod 
therefore  slips  through  the  hole  of  the  cross-bars  ab.  The 
fflate  u,  th^efore,  deUcbes  itself  from  the  box.  When  the 
shoulder  d  presses  on  the  bar  a b,  the  box  must  yield,  and  b« 
pushed  down  the  barrels,  and  the  water  gets  up  through  the 
perforation.  When  the  piston-rod  is  drawn  up  again,  the  box 
does  not  raoire  till  the  plate  b  lodges  in  the  seat  pf,  and  thus 
^ute  the  water-way;  and  then  the  piston  lifts  the  water  which 
|#  ^bore  it,  and  acts  as  the  piston  of  a  sucldbg-pump. 

This  is  a  very  simple  and  effective  construction,  and  makes  a 
wy  tight  valve.  It  has  been  much  recommended  by  engineers 
^  the  first  reputation,  and  is  frequently  used ;  and,  from  its 
^mplicity,  and  the  great  solidity  of  which  it  is  capable,  it  seems 
Wy  fit  for  great  M'orks.  But  it  is  evident  that  the  water-way 
Js  limited  to  less  than  one-half  of  the  area  of  the  working, 
barrel.  For  if  the  perforation  of  the  piston  be  one-half  of  the 
praa^  the  diameter  of  the  plate  or  ball  bf  must  be  greater; 
asd  therefore  less  than  half  the  area  will  be  left  for  the  passage 
ml  the  water  by  its  sides. 

1^.  We  come  now  to  consider  briefly  the  forms  which  may 
l^^ven  to  the  va/vei  of  an  hydraulic  engine. 

The  requisites  of  a  valve  are,  that  it  shall  be  ti^ht,  of  suffici- 
ratsbnengtb  to  resist  the  great  pressures  to  which  it  is  exposed, 
that  it  ^ord  a  sufficient  passage  for  the  water,  and  diat  it  d» 
|Mt  allow  much  to  go  back  while  it  is  shutting. 
-  The  butterfly-valve  represented  in  figures  39,  &c.  is  free 
fnm  roost  of  the  inconveniences,  and  seems  the  most  perfect 
9i  the  clack  valves.     Some  engineers  make  dieir  great  valvee 
of  a  pyramidal  form,  consisting  of  four  clacks,  whose  hinges  are 
Jtt  the  circumference  of  the  water-way,  and  which  meet  with 
liieirj>oints  in  the  middle,  and  are  supported  by  four  ribs  which 
life  up  from  the  sides,  and  unite  in  the  middle.    This  is  an  eac* 
<eellenl  form,  afibrdiug  the  most  spacious  water-way,  and  shut* 
ting  very  readily.     It  seems  to  be  the  best  possible  for  a  piston. 
The  rod  of  the  piston  is  branched  out  on  four  sides,  and  the 
brncbes  go  through  the  piston-box,  and  are  fiastened  below 
widi  screws.    These  branches  form  the  support  for  the  fonr 
dacks.  We  have  seen  a  valve  of  this  form  in  a  pump  of  six  feel 
diameter,  which  discharged  20  hogsheads  of  water  every  stroke, 
and  made  12  strokes  in  a  minute,  rabing  the  water  above  22  feet, 
H.  There  is  another  form  of  valve,  called  the  button  or 
tml  valve.    It  consists  of  a  plate  of  metal  ab  (fig.  4,  pL 
XXIV.)  turned  conical,  so  as  exactly  to  fit  the  coniod  caviar 
«A  of  its  box.    A  tail  CB  projects  fipom  the  under  side,  which 
|>asses  through  a  crosa-bar  bf  in  the  hottoapt  of  the  b^,  wA 
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has  a  little  knob  at  the  end,  to  hinder  the  ^alve  from  risbg  too' 

high.  ... 

This  valve,  vt'hen  nicely  made,  is  unexceptionable.  It  baa 
great  strength,  and  is  therefore  proper  for  all  severe  strains,  and 
it  may  be  made  perfectly  tight  by  grinding*  Accordingly  it  u 
used  in  all  cases  where  this  is  of  indispensable  consequence.  It 
is  roost  durable,  and  the  only  kind  that  will  do  for  passaged 
where  steam  or  hot  water  is  to  go  through.  Its  only  imper- 
fection b  a  small  water-way ;  which,  from  what  has  been  said^ 
cannot  exceed,  nor  indeed  equal,  one-half  of  the  area  of  die 
pipe. 

If  we  endeavour  to  enlarge  the  water-wiay,  by  giving  the 
cone  very  little  taper,  the  valve  frequently  sticks  so  £ist  in  the 
seat  that  no  force  can  detach  them. — And  this  soipetinles  hap- 
pens during  the  working  of  the  machine ;  ^nd  the  jolts  and 
blows  given  to  the  machine  in  taking  it  to  pieces,  in  order  to 
discover  what  has  been  the  reason  that  it  has  dischaif  ed  no 
water,  frequently  detaches  the  valve,  and  we  find  it  quite  loose, 
and  cannot  tell  what  has  deranged  the  pump.  When  this  is 
guarded  against,  and  the  diminution  of  die  vi^ater-way  is  not  of 
very  great  consequence,  this  is  the  best  form  of  a  valve. 

17-  Analogous  to  this  is  the  simplest  of  all  valves.  It  is 
nothing  more  than  a  sphere  of  metal,  to  which  is  fitted  a  seal 
with  a  small  portion  of  a  spherical  cavity.  Nothing  can  btf 
more  effectual  tlian  this  valve ;  it  always  falk  into  its  propec 
place,  and  in  every  position  fits  it  exacdy.  Its  only  imper- 
fection is  the  great  diminution  of  the  water-way.  If  the  diai^i 
meter  of  the  sphere  do  not  considerably  exceed  that  of  the 
hole^  the  touching  parts  have  very  little  taper,  and  it  is  very  apt 
to  stick  fast.  It  opposes  much  l^ss  resistance  to  the  passage  of 
the  water  than  the  flat  under-surface  of  the  button- valve.  The 
spherical  valve  must  not  be  made  too  light,  otherwise  it  will  be 
hurried  up  by  the  water,  and  much  ipay  go  back  while  it  is 
returning  to  its  place. 

Belidor  describes  with  great  minuteness  (vol.  ii.  p.  291,  &c.) 
a  valve  which  unites  every- requisite.  But  it  is  of  such  nice 
and  delicate  construction,  and  its  defects  are  so  great  when  this 
exactness  is  not  attained,  or  is  impaired  by  use,  that  we  think 
it  hazardous  to  introduce  it  into  a  machine  in  a  situaUon  where 
an  intelligent  and  accurate  artist  is  not  at  hand.  For  this  rea^ 
son  we  have  omitted  the  descripUon,  which  cannot  be  given  in 
few  words,  nor  without  many  figures ;  and  desire  our  curious 
readers  to  consult  that  author,  or  peruse  Dr.  Desaguliers's 
translation  of  this  passage.  Its  principle  is  prec^iseiy  the  same 
with  the- following  jrude  contrivan^^. 
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is.  Suppose  AB€D  (fig.  2.  plate  XXIV.)  to  be<^  square 

'vi^ooden  trunk,    kf  is  a  piece  of  oak  board,  exactly  fitted  to  the 

trunk  in  an  oblique  position,  and  supported  by  an  iron  pin 

wbicb  goes  thjongb  it  at  i,  one-third  of  its  length  from  its  lower 

extremity  E.    The  two  ends  of  this  board  are  bevelled,  so  as  to 

apply  exactly  to  {the  sides  of  the  trunk.     It  is  evident,  that  if  a 

sp'eam  of  water  come  in  the  direction  ba,  its  pressure  on  the 

part  it  of  this  board  will  be  greater  than  that  upon  ei.    It  will 

therefore  force  it  up  and  rush  through,  making  it  stand  almost 

parallel  to  the  sides  of  the  trunk.     To  prevent  its  rising  so  far, 

apin  must  be  put  in  its  way.  When  this  current  of  water  change? 

its  direction,  the  pressure  on  the  npper  side  of  the  board  being  again 

greatest  on  the  portion  if,  it  is  forced  back  again  to  its  former 

situation;  and  its  two  extremities  resting  on  the  opposite  side? 

of  the  trunk,  the  passage  is  completely  stopped.    This  boan) 

therefore  performs  the  ofiice  of  a  valve;  and  this  valve  is  the 

most  perfect  that  can  be,  because  it  offers  the  freest  passage  I9 

the  water,  and  it  allows  very  little  to  get  back  while  it  i? 

abutting;  for  the  part  tE  brings  up  half  as  much  water  as  if 

^Uows  to  go  down.     It  may  be  made  extremely  tight,  by  fixing 

two  thin  fillets  h  and  o  to  the  sides  of  the  trunk,  and  covering 

those  parts  of  the  board  with  leather  which  apply  to  them ; 

and  in  this  state  i^  perfectly  resembles  Belidor's  fine  valve. 

19.  This  construction  of  tb^  valve  suggests,  by  the  way,  a 
form  of  an  occassional  pump,  which  i^ay  be  quickly  set  up  by 
any  commpi^  carpenter,  and  will  be  very  effectual  in  smau 
heights.  Let  abcae  (fig.  2.)  be  a  square  box  made  to  slide  alon^ 
this  wo«den  trunk  without  shake,  having  two  of  its  sides  pro- 
jecting upwards,  terminating  like  the  gable  ends  of  a  house.  A 
piece  of  wood  e  is  mortised  into  these  two  sides,  and  to  this  the 
piston-rod  is  fixed.  This  box  being  furnished  with  a  valve 
similar  to  the  one  below,  will  perform  the  office  of  a  piston. 
If  this  pump  be  immersed  so  deep  in  the  water  that  the  piston 
shall  also  be  under  water^  we  scruple  not  to  say  that  its  perform- 
ance will  be  equal  to  any.  The  piston  may  be  made  abundantly 
tight,  by  covering  its  outside  neatly  with  soft  leather.  And  as 
no  pipe  can  be  bored  with  greater  accuracy  than  a  very  or- 
dinary workman  can  make  a  square  trunt,  we  think  this 
pump  will  not  be  very  deficient  even  for  a  considerable  suc- 
tion. 

Thus  much  will,  we  hope,  suffice  for  the  descriptive  part  of 
these  useful  machines:  as  to  the  theory  of  the  motion  of  water 
in  pumps,  at  the  same  time  that  it  is  extremely  intricate,  it 
presents  but  few  results  that  are  of  any  practical  ntilitv.  The 
curious  student  may  be  referred  to  the  Maschinenlehre  of 
J-»an|sdorf,  Uie  Hydrodynamique  of  Bossut,  tlie  Hydrauliq^e 
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of  Buat,  Hachette's  Traite  EUmentairt  des  Machines,  the 
Architecture  Hydranlique  of  Prony,  and  the  article  Pump  in 
the  Encyclopaedia  Britannica,  The  last  two  pieces  have  far^ 
nished  us  with  the  most  valuable  parts  of  the  present  article. 
Some  remarks  on  the  variable  motion  of  the  piston-rod  may  be 
seen  under  the  title  parallel  motion  in  this  volume. 

PYROMETER,  a  machine  Contrived  to  measure  the  ex- 
pansion of  metals,  and  other  bodies,  occasioned  by  heat. 

Muschenbroeck  Was  the  original  inventor  of  the  Pyrometer : 
Ihe  nature  and  const^uction  of  his  instrument  may  be  nnderstood 
from  the  followbg  account.  If  we  suppose  a  small  bar  of 
metal,  12  or  15  inches  in  length,  made  fast  at  one  of  its  extre* 
mities,  it  Is  obvious  that  if  it  be  dilated  by  he^t  it  will  become 
lengthened,  and  its  other  extremity  tvill  be  pushed  forwards. 
If  this  extremity  then  be  fixed  to  the  end  of  a  lever,  the  other 
^nd  of  which  is  furnished  writh  a  pinion  adapted  to  a  wheel,  and 
if  this  wheel  move  a  second  pinion,  the  latter  a  third,  and  ao  on, 
it  will  be  evident  that  by  multiplying  wheels  and  piniobs  io 
^18  manner,  the  last  will  have  a  very  sensible  motion;  so  that 
the  moveable  extremity  of  the  small  bar  cannot  pass  over  die 
hundredth  or  thousandth  part  of  a  line,  without  a  point  of  (he 
tircumference  of  the  last  wheel  passing  over  several  inches.  If 
this  circumference  then  have  teeth  fitted  into  a  pinion,  to  which 
^n  index  is  attached,  this  index  will  make  several  revolutions, 
when  the  dilatation  of  the  bar  amounts  only  to  a  quantity  alto- 
gether  insensible.  The  portions  Of  this  revoluUon  may  be 
measured  on  a  diul-plate,  divided  into  equal  parts;  and  by  means 

S\{  tlie  ratio  which  the  wheels  bear  to  the  i)inion8,  the  abso- 
ute  quantity  wliich  a  certain  degffee  of  heat  may  have  expanded 
the  small  bar  can  be  ascertained :  of,  tonversely,  by  the  dilatation 
pf  the  small  bar  the  degree  of  heat  which  has  been  applied  to 
^t  may  be  determined. 

Such  is  tlie  construction  of  Muschenbroeck's  pyrometer.  It 
IS  necessary  to  observe  that  a  small  cup  is  adapted  to  the  tn^ 
chine,  in  order  to  deceive  thif  liquid  or  fused  matters,  subjected 
to  experiment,  and  in  which  the  bar  to  be  tried  is  immersed* 

When  it  is  required  to  measure,  by  this  instrument,  a  consi- 
derable degree  oi  heat,  such  as  that  of  boiUng  oil  or  fused  metal, 
fill  t)|e  cup  with  the  mattet  tcr  be  tried,  and  immerse  the  bar  of 
iron  into  it.  The  dilatation  of  the  bar,  indicated  by  the  index, 
will  point  out  the  degree  of  heat  it  has  assumed,  and  which 
niust  necesjjarlly  be  equal  to  that  of  the  matter  into  which  it  b 
i^mniersed.  .... 

This  machine  evidently  serves  to  determine  the  ratio  of  the 
dilatation  of  ftietals,  &c. :  for  by  substituting  in  the  toom  of  the 
)y>  romettic  bar  other  metililic  bars  of  the  same  kdgth,  tod  then 
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e^podittg  (faem  io  an  equal  degree  of  lieat,  the  ratios  of  their 
dilatation  will  be  shewn  by  the  motion  of  the  index. 

Moscfaenbroeck  has  given  a  table  of  the  expansion  of  the 
different  metals,  in  the  same  degree  of  heat.  Having  prepared 
<f)rlindric  rods  of  iron,  steel,  copper,  brass,  tin,  and  lead,  he 
exposed  thetii  first  to  a  pyrometer  with  one  flame  in  the  middle  j 
idien  with  two  flames ;  and  successively  to  one  with  three,  four, 
mnd  fire  flames.  But  previous  to  this  trial,  he  took  care  to  coo| 
tiiem  equally,  by  exposing  them  some  time  unon  the  same 
^one,  when  it  began  to  freeze,  and  Fahrenheit^  thermometer 
was  at  thirty-two  degrees.  The  effects  of  these  experiments 
are  digested  in  the  following  table,  where  the  degrees  of  ex- 
l^inslon  are  marked  in  parts  equal  to  the  ttW^  P^^t  of  an  inch. 


Expansion  of 

Iron 

Steel 

Copper 

Brass 

Tm 
153 

Lead 
155 

By  one  flame 

80 

85 

89 

110 

By  two  flames  placed 
clojfe  together 

in 

123 

115 

220 

J114 

By  two  flames  2i 
inches  distant 

109 

94 

92 

141 

219 

263 

By  three  flames  placed 
close  together 

142 

168 

193 

275 

Bj  four  flames  t>lw:ed 
cloM  together 

211 

270 

210 

S6l 

By  five  flames 

S80 

310 

aio 

877 

It  is  to  be  observed  of  tin,  that  it  will  easily  melt,  when 
pleated  by  two  flames  placed  together.  Lead  commonly  melts 
*with  three  flatnes,  placed  together^  especially  if  they  bum  long. 
-  From  these  ex|>eriments,  so  far  as  they  are  correct,  it  appears, 
«il  first  view,  that  iron  is  the  least  rarefied  of  any  of  these  metals, 
inrhether  it  belieated  by  one  or  more  flames;  and  therefore  is 
most  proper  for  making  machines  or  instruments  which  we 
would  have  free  from  any  alterations  by  heat  or  cold,  as  the 
rods  of  pendulums,  for  clocks,  &c.  So  likewise  the  measures 
of  yards  or  feet  should,  if  of  metal,  be  made  of  iron,  tliat  their 
length  may  be  as  nearly  as  possible  the  same,  summer  and 
winter.    The  expansion  of  lead  and  tin,  by  only  one  flame^  is 
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nearly  the  aai^e;  that  is,  almost  double  of  the  expansion  of  iroOf 
It  is  likewise  observable,  that  the  flames  placed  together  caus^ 
a  greater  rarefaction  than  when  they  have  a  sensible  intenral 
between  them;  iron,  in  thje  formei-  case,  being  expanded  117 
degrees,  and  only  109  in* the  latter;  the  reason  of  which  diffeiw 
ence  is  obvious.  By  comparing  the  expansions  ojf  the  same 
metal,  produced  by  one,  two,  three,  or  more  flames,  it  appears^ 
that  two  flame^  do  not  cause  double  the  expansion  of  one;  nor 
ihree  flames  three  time^  that  expansion,  but  always  less ;  and 
I  these  expansions  differ  so  much  the  more  from  the  ratio  of  the 
number  of  flames,  a?  there  are  more  flames  acting  at  the  same 
time.  It  is  also  observable,  that  metals  are  not  expanded  equally, 
at  the  time  of  their  melting,  but  some  more,  some  less*  Tbuf 
tin  began  to  run,  when  rarefied  219  degrees;  whereas  brass  waf 
•imnded  377  degrees,  andiyet  was  far  from  melting. 
^y  the  help  of  this  .instrument  Mr.  EUicott  found  upon  a 
medium,  that  the  expansions  of  bars  of  different  metals,  aa 
ne^ly  of  the  same  dimension^  as  possible,  by  the  same  dq^re^ 
of  beat,  were  aS  follow : 

Gold,      Silver,     Brass,      Copper,     Iron,      Steel.      Lead^ 
7S  103  96  89  60  56  149 

The  great  difference  between  the  expansions  of  iroo  and  bnsa 
has  been  applied  with  good  success  to  remedy  the  irregnlarittea 
in  pendulums  arising  from  heat.  (Phil.  Trans,  vol.  xlviL  p.  ^S6.) 

See  PENDULUM. 

Mr.  Graham  used  to  measure  the  minute  alteratioos,  ia 
lengA,  of  metal  bars,  by  advancing  the  point  of  a  micromeler- 
screw,  till  it  sensibly  stopped  against  the  end  of  the  bar  to  be 
measured.  This  screw,  being  small  and  very  lishtly  hung,  waft 
capable  of  agreement  within  the  diree  or  four-mousaodth  pa«t 
of  an  inch.  On  this  general  principle  Mr.  Smeaton  contnved 
his  pyrometer,  in  which  the  measures  are  determined  by  th^ 
contact  of  apiece  of  metal  with  the  point  of  a  micrometer- 
screw. 

Tlie  following  table  shows  how  much  a  foot  in  length  of  each 
metal  grows  longer  by  an  increase  of  heat,  correspondmg  to  ]  S€f 
of  Fahrenheit's  uiermometer,  or  to  the  difference  between  freez- 
ing and  boiUng  water,  expressed  in  such  parts  of  which  the  anit 
is  equal  to  the  10,000  part  of  an  inch.  ^ 

1.  White  glass  barometer  tube,    -------     100 

2.  Martial  regulus^of  antimony,         ------130 

3.  Blistered  steel,     ...----....     138 

4.  Hard  steel,       ............     147 

Iron, - 151 


5. 


r 
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^.  Bumutfi,    ----- -    .  167 

7.  Copper,  hammered,      --      ---^--.  204 

.8.  Copper  eight  parU,  with  tio  one,      -      -    -    -    -  218* 

9,  Ca«t  brass,       ----.---•--.  225 

10.  Brass  sixteen  parts,  with  tin  one,      -     -    .    .    .  ^f^g 

11.  Brass  wire,      ------------  232- 

12.  Speculum  metal,      -»     ---.---.-  232 

13.  Spelter  solder,  viz*  brass  two  parts,  zinc  one,   -    -  247. 

14.  Fine  pewter,      -     -      ---------  274 

15.  Grain  tin,      -      -----------  29s 

16.  Soft  solder,  viz.  lead  two,  tin  one,      -    r    -    7    -  301' 

17.  Zinc  eight  parts,  with  tin  one,  a  little  hammereid,  -  S23 

18.  Lead,    ----- 344, 

19.  Zinc  or  spelter,     -----------  555 

20.  Zinc  hammered  half  an  inch  per  foot,     -    -    -    .  S7S 

M.  de  Luc,  in  consequence  of  a  hint  suggested  to  him  by  the 
late  Mr.  Ramsden,  invented  a  pyrometer,  the  basis  of  which  is  a 
rectangular  piece  of  deal  board  two  feet  and  a  half  Ions,  15 
inches  broad,  and  one  inch  and  a  hah  thick;  and  to  this  aU  the 
Qtfaer  parts  are  fixed.  This  is  mounted  in  the  manner  of  a  tabley 
with  four  deal  legs,  each  a  foot  long  and  an  inch  and  a  half  square,, 
well  fitted  near  its  four  angles,  and  kept  together  at  the  other  ends 
by  four  firm  cross  pieces.  This  small  table  is  suspended  by  a  hook 
to  a  stand;  the  board  being  in  a  vertical  situation  in  the  direc- 
tion of  its  grain,  and  bearing  its  legs  forward  in  such  a  manner 
as  that  the  cross-pieces  which  join  them  may  form  a  frame, 
placed  vertically  facing  the  observer.  This  frame  sustains  a 
microscope,  which  is  firmly  fixed  in  another  frame,  that  movea 
in  the  former  by  means  of  grooves,  but  with  a  very  considerable 
degree  of  tightness;  the  friction  of  which  may  be  increased  by 
the  pressure  of  four  screws.  The  inner  sliding  frame,  whicb 
is  likewise  of  deal,  keeps  the  tube  of  the  microscope  in  a.  hori^ 
zontal  position,  and  in  great  part  without^the  frame,  insomucb 
that  the  end  which  carries  the  lens  is  but  little  within  the  space 
between  the  frame  and  the  board.  This  microscope  is  emu 
structed  in  such  a  manner  as  that  the  object  observed  may  be 
lin  inch  distant  from  the  lens;  and  it  has  a  wire  which  is  situated 
in  the  focus  of  the  glasses,  in  which  the  objects  appeared  re»> 
▼ersed.  At  the  top  of  the  apparatus  there  is  a  piece  of  deal^ 
an  inch  and  a  half  thick  and  two  inches  broad,  laid  in  a  hori- 
zontal direction  from  the  board  to  the  top  of  the  frame.  To 
this  piece  the  rods  of  the  different  substances,  whose  expansion 
by  heat  is  to  be  measured,  are  suspended:  one  end  of  it  slides 
into  a  socket,  which  is  cut  in  the  thickness  of  the  board;  and 
the  other  end,  which  rests  upon  the  frame,  meeta  there  i{ith 
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a  screw  ^ich  makes  the  piece  move  backwarjd  aoAlorwardy  tQ 
bring  the  objects  py  the  focus  of  the  microscope*  There  is  ^ 
cork  very  strongly  driven  through  a  bole  bored  vertical!  j  throi^ 
^is  piece ;  and  in  another  vertical  hole  made  through  the  cork^ 
the  rods  are  fixed  at  the  top;  mq  thai  they  h^og  only,  and  theif 
dilatation  is  not  pounteracted  by  any  pressure.  In  ord^  to  heat 
the  rods,  a  cylindrical  bottle  of  thin  glaaSi  aboi|t  21  inches  high, 
and  four  inches  in  diameter,  is  placed  in  the  innde  of  tfie 
machine^  upon  a  stand  independent  of  the  rest  of  the  apparatus. 
In  this  bottle  the  rods  are  suspended  at  a  little  less  tlum  aa  inch 
distance  from  one  of  the  inrndes,  in  order  to  have  them  near  the 
itiicroscope.  Into  it  is  poured  vvater  of  different  d^rees  of 
beat,  which  must  be  stirred  about,  by  moving  upwards  aod 
downwards,  at  one  of  the  sides  of  the  bottle,  a  little  piece  of 
Wood,  fastened  horizontally  at  the  end  of  a  stick:  in  this  water 
is  hung  a  thermometer,  the  ball  of  which  reaches  to  the  middle 
of  the  height  of  the  rods.  During  these  operatioi^  the  virater 
lases  to  the  cork,  which  thus  determines  the  length  of  the  heato^ 
part;  the  bottle  is  covered,  to  prevent  the  water  from  coolii^ 
loo  rapidly  at  the  surface ;  and  a  thin  case  of  brass  prevents  tho 
vapour  from  fixing  upon  the  piece  of  deal  to  which  the  rods  are 
fixed. 

The  late  Mr.  Ferguson  also  invented  two  pyrometers,  ddf 
•criptions  and  figures  of  which  are  given  m  his  Lectures. 
-  Mr.  Wedgwood,  the  ingenious  manufacturer  of  the  fin^ 
earthenware  from  basaltic  masses,  or  terra  cotUif  has  contrived ^ 
curious  pyrometer:  he  employs  small  cubes  of  dry  day;  because 
(hat  species  of  earth  has  the  remarkable  property  of  comtraciing 
in  its  bulk,  when  submitted  to  the  fire,  and  not  again  expanding 
on  suddenly  exposing  it  to  the  cold  air.  In  order  to  ascertaii| 
the  precise  degree  of  heat  in  wa  oven,  he  puts  one  of  bis  cby-^ 
cubes  into  it;  and,  after  having  accjoired  the  temperature  of  the 
I^ace,  be  immediately  plunges  it  mto  cold  water.  NoW|  the 
size  oi  the  cube  (that  was  exactly  adjusted  to  half  an  inch 
equare)  is  measured  between  two  brass  rules,  the  sides  of  which 
are  somewhat  obliquely  disposed,  so  as  to  form  an  inclini^ 
groove,  into  which  the  cube  may  be  slidden.  In  proportion  as 
the  bulk  of  the  latter  has  been  contracted  by  heat,  it  passes 
down  deeper  between  the  scales,  on  which  the  various  degvees 
of  tepiperature  have  been  previously  marked.  Thus,  when  the 
divisicm  of  the  scale  commences  from  the  point  of  tti  heat  vi« 
siUe  in  day-light,  and  the  whole  range  is  divided  into  940 
equal  parts,  it  will  be  found  that  Swedish  copper  mehs  at  2S; 
gold  at  32;  iron  at  from  130  to  150  degrees :  above  this  pointy 
the  cubes  could  not  be  beated  But  if  one  of  these  clay  squares 
beputinto  an  oven  where  other  materiab^such  as  bitad^  earthen- 
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Wtfe,  &e.  ale  to  be  hvked,  diey  may  be  useAilly  enployed,  for 
regulating  the  necessary  degree  of  heat. 

M.  FoarmyiMis  lately  given,  in  the  Journal  des  Mine^^  a 
paper  **  On  the  Tfaenpometers  of  baked  Earths,  termed  Py-> 
fometers;"  in  whick  he  shews  that  the  effect  of  shrinking,. 
Upon  which  WedgwoocFs  pyrometer  is  founded,  does  not  re^ 
•ult  solely  and  invariably  from  the  cause  to  which  it  is  ascribed; 
Aet  it  is  not  necessarily  proportionate  to  it;  that,  wbntever  may 
be  the  graduation  and  the  continuity  of  temperature  applied  to 
an  luminous  mixt,  its  shrinking  is  not  only  not  necessarily  gra- 
duated, or  necessarily  eoattntiouci^  but  it  also  does  not- always 
neeessarily  take  place;  and  therefore  that  a  pyrometer  Akmded 
apon  such  shrinking  does  not  afford  so  cotistant  and  accurate  * 
aaeasHre  for  the  highest  degrees  of  heat,  as  the  dilatation  of  mer- 
cury or  of  alcohol  does  for  the  lower.  A  translation  of  M^ 
Fourmy's  observatioas  is  inserted  in  the  Repefiorp  of  Arts,  See. 
No.  SB.  N.  S. 

RAMSDEN's  MAcnfNE /or  dividkfg  Mathematical 
Instruments  is  a  useful  invention,  by  wbicih  these  divisions 
can  be  performed  with  exceedingly  great  accuracy,  such  as  would 
fbrmeiiy  have  been  deemed  incredible.  On  discovering  th^ 
method  of  constructing  this  machine,  its  inventor,  Mr.  Jesse 
Ramsden,  received  615/.  from  the  commissioners  of  longitude; 
engaging  himself  to  instruct  a  certain  immber  of  persons,  not 
eRceeding  ten,  in  ^  mediod  of  nurfcine  and  using  this  machine 
from  the  28th  October  1715,  to  28j;h  October  1777:  also  bind- 
ing himself  to  divide  all  octants  and  sextants  by  the  same 
enciiie,  at  the  rate  of  three  shilUags  for  each  octant,  and  six 
AiTlings  for  each  brass  sextant,  widi  Nonius's  divisions  to  half« 
minutes,  for  as  long  time  as  the  commissioners  should  think 
proper  to  let  the  engine  remain  in  his  possession*  Of  this  sum 
•f  615/.  paid  to  Mr.  Ramsden,  90()/.  were  given  him  as  a 
VBward  for  Che  irappovement  made  by  him  in  discovering  the 
engine,  and  the  remaining  2^15/.  for  his  giving  up  the  property 
of  it  to  the  oommissiouers.  The  foUowmg  description  of  the 
engine  is  that  given  upon  oath  by  Mr.  Ramsden  himself. 

^  This  engine  consists  of  a  large  wheel  of  bell-metal,  sup- 
ported on  a  mahogany  stand,  having  three  legs,  which  are 
strongly  comvected  toged^r  by  braces,  so  as  to  make  it  per* 
fectl^  steady.  On  each  leg  of  the  stand  is  placed  a  conical 
friction- pulley,  whereon  Ae  dividing  *w4ieel  restst  to  prevent  the 
wheel  from  slidiivg  off  the  friction-pHlleys,  the  bell-metal  centre 
under  it  turns  in  a  socket  on  the  top  of  the  stand. 

**  The  circumference  of  the  wheel  is  ratched  or  cut  (by  a 
sietbod  which  will  be  described  hereafter)  into  2160  teeth,  iu 
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^bich  an  endless  screw  acts.    Six  revolutions  of  the  screw  wUl 
move  the  wheel  a  space  equal  to  one  degree. 

^*  Now  a  circle  of  brass  being  fixed  on  the  screw  arbor, 
having  its  circuaiference  divided  into  60  parts,  each  division  will 
consequent]  J  answer  to  a  motion  of  the  wheel x>f  10  seconds,  six 
of  them  will  be  equal  to  a  minute,  8cc. 

*'  Several  different  arbors  of  tempered  steel  are  truly  ground 
into  the  socket  in  the  centre  of  the  wheel.  The  upper  parts  of 
the  arbors  that  stand  upon  the  plane  are  turned  of  various  size§, 
to  suit  the  centres  of  different  pieces  of  work  to  be  divided. 

**  When  any  instrument  is  to  be  divided,  the  centre  of  it  is 
very  exactly  fitted  on  one  of  these  arbors ;  and  the  instrument  19 
fixed  down  to  the  plane  of  the  dividing  wheel,  by  means  of 
screws,  which  fit  into  holes  made  in  the  radii  of  the  wheel  for 
that  purpose. 

''  The  instrument  being  thus  fitted  on  the  plane  of  the  wheel, 
the  frame  which  carries  the  dividing  point  is  connected  at  one 
lehd  by  finger  screws  with  the  frame  which  carries  the  end- 
less screw;  while  the  other  end  embraces  that  part  of  the  steel 
^rbor  which  stands  above  the  instrument  to  be  divided,  by  an  an- 
gular notch  in  a  piece  of  hardened  steel :  by  tliis  means  both  ends 
pf  the  frame  are  kept  perfectly  steady,  and  free  from  any  shake. 
■  **  The  frame  canrying  the  dividing-point  or  tracer  is  made  to 
slide  on  the  frame  which  carries  the  endless  screw  to  any  dis- 
tance from  the  centre  of  the  wheel  as  the.  radius  of  the  instru- 
ment to  be  divided  may  require,  and  may  be  there  fastened  by 
tightening  two  clumps;  and  the  dividing-point  or  tracer  being 
connected  with  the  clumps  by  the  double-jointed  frame,  admits 
a  free  and  easy  motion  towards  or  from  the  centre  for  cutting 
the  divisions,  without  any  lateral  shake. 

*'  From  what  has  been  said,  it  appears  that  an  instrument 
^lus  fitted  on  the  dividing-wheel  may  be  moved  to  any  angle  by 
the  screw  and  divided  circle  on  its  arbor,  and  that  this  angle 
may  be  marked  on  the  limb  of  the  instrument  with  the  greatest 
exactness  by  the  dividing-point  or  tracer,  which  can  only  move 
in  a  direct  line  tendiug  to  the  centre,  and  is  altogether  freed 
from  those  inconveniences  that  attend  cutting  by  means  of  a 
straight  edge,  lliis  method  of  drawing  lines  will  also  prevent 
imy  error  that  might  arise  from  an  expansion  or  contraction  of 
the  metal  during  the  time  of  dividing. 

*^  The  scr»w  frame  is  fixed  on  the  top  of  a  conical  pillar^ 
which  turns  freely  round  its  axis,  and  also  moves  freely  towards 
or  from  the  centre  of  the  wheel,  so  that  the  screvr-franie  may 
be  entirely  guided  by  the  frame  which  connects  it  with  the 
centre :  by  this  means  any  eccentricity  of  the  wheel  and  tht^ 


Digitized  by 


Google 


Ramsden's  Dhiding  Machine.  S'35 

tfrbor  woiild  not  produce  any  error  in  the  dividing;  and  bj  a 
particular  contrivance  (which  will  be  described  hi^reafter),  the 
screw  ^en  pressed  against  the  teeth  of  the  wheel  always  moves 
parallel  to  itself;  so  that  a  line  joiiimg  the  centre  of  the  arbor 
and  the  tracer  continued  will  always  m^e  equal  angles  with  the 
•crew. 

"  Fig.  1,  in  PI.  XXVI.  represents  a  perspective  view  of  the 
engine. 

^'  Fig.  2.  in  PL  XXVII.  is  a  plan,  of  which  fig.  3.  represents 
a  section  on  the  line  n  A. 

'^  The  large  wheel  A  is  45  inches  in  diameter,  and  has  ten 
^adif,  each  bemg  supported  by  edge^bars,  as  represented  in  fig.  3. 
These  bars  and  radii  are  connected  by  the  circular  ring  n,  24 
inches  in  diameter  and  S  deep ;  and,  for  greater  strength,  the 
whole  is  cast  in  one  piece  in  bell-metaL 

'^  As  the  whole  weight  of  the  wheel  A  rests  on  its  ring  B,  the 
edge  bars  are  deepest  where  they  join  it;  andfirom  thence  their 
depth  diminishes,  both  towards  the  centre  and  circumference,  as 
represented  in  fig..  3. 

*^  The  surface  of  the  wheel  A  was  worked  very  even  and 
flat,  and  its  circumference  turned  true.  The  ring  c,  of  fine 
brass,  wras  fitted  very  exactly  on  the  circumference  of  the 
wheel;  and  was  fastened  thereon  with  screws,  which,  after 
being  screwed  as  tight  as  possible,  were  well  rivetted.  The 
face  of  a  large  chnck  being  turned  very  true  and  flat  in  the  lathe, 
die  flattened  surface  a  (fig.  3.)  of  the  wheel  was  fastened  against 
it  with  holdfasts ;  and  the  two  surfoces  and  circumference  of 
the  ring  c,  a  hole  through  the  centre  and  the  plane  part  roiind 
[b]  it,  and  the  lower  edge  of  the  ring  b,  were  turned  at  the  same 
lime. 

•  ''  D  is  a  piece  of  hard  bell-metal,  having  the  hole,  which 
receives  the  steel  arbor  [d],  made  very  straight  and  true.  Thb 
bell-metal  was  turned  very  true  on  an  arbor;  and  the  face, 
which  rests  on  a  wheel  at  [b],  was  turned  very  flat,  so  that 
the  steel  arbor  [d]  might  stand  perpendicular  to  the  plane  of 
the  wheel  t  this  bell-metal  was  fastened  to  the  wheel  by  six 
steel  screws  [I]. 

''  A  brass  socket  z  is  fastened  on  the  centre  of  the  mahogany 
stand,  and  receives  the  lower  part  of  the  bell-metal  piece  d, 
being  made  to  touch  the  bell-metal  in  a  narrow  part  near  the 
mouth,  to  prevent  any  obliquity  of  the  wheel  from  bending  the 
arbor :  good  fitting  is  by  no  means  necessary  here ;  since  any 
shake  in  this  socket  will  produce  no  bad  effect,  as  will  appear 
hereafter  when  we  describe  the  cutting-frame. 

"  The  wheel  was  then  put  on  its  stand,  the  lower  edge  of  the 
ring  B  (fig.  1,  2,  and  S.)  resting  on  the  circumference  of  three 
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cooipd  frictkMKpi4kjr»  w^  to  facilitate  its  motioh  round  iu 
ceotre.  The  axis  of  one  of  these  pulleys  is  in  a  line  joining 
the  centre  of  tbe  wheel,  and  the  middle  of  the  endkss  screw, 
and  tbe  other  two  placed  so  as  to  be  at  eijual  distances  firom  easch 
other. 

"  (Fig.  1.)  is  a  block  of  wood  strongly  fastened  to  one  oi 
die  legs  of  the  stainl;  the  piece  [g]  is  screwed  to  the  upper  side 
of  the  block,  and  has  half-holes,  in  which  the  transverse  aik 
[b]  (6g-  40  turns:  the  hatf-holes  are  kept  together  bj  die 
screws  [i]. 

<'  Tbe  lower  extremity  of  Ibe  conical  piUfir  p  (fig.  1  &  4.) 
tenninates  in  a  cylindricied  steel  pin  [k],  (fig.  4.)  wburh  pasaea 
through  and  ^ms  in  tbe  transverse  axis  [h]|  and  is  confined  bf 
a  cheek  ^  screir. 

**  To  the  upper  end  of  die  conical  pSlar  is^  fastened  the  frame 
Gf  (ig.  4r)  in  wbioh  the  endless  screw  turns :  tbe  pivots  of  the 
screw  nre  foiwed  in  the  naanner  of  two  frustums  of  cones  joined 
bjr  a  cjUnder,  as  represented  at  x  (fig.  5).  These  pivots  are 
confined  between  half-poles,  which  press  only  on  the  conicai^ 
parts,  and  d^  not  touch  tbe  cylindric  parts :  the  half-hoies  are 
kept  together  by  acrews  [a]  which  m%y  be  tightened  at  any  time, 
to  preveat  tbe  screw  frofu  dmkinf  in  the  fr^me. 

^  On  the  screw-arbor  is  a  small  M^ieel  of  bram  i^  (fig.  1^2, 
4,  $.)i  having  its  outside  edge  divided  into  6Q  parts,  and  uunft^ 
l^fied  at  every  6  th  division  with  1,  2,  &c.  to  10.  The  motion 
of  this  wheel  is  diewn  by  the  index  [y]  (fig.  4  &  5*)  on  the 
screwf-frame  «• 

**  H  (fig.  1 .)  represents  a  part  of  the  stand,  having  a  DaralM 
alit  ie  the  direcdOQ  towards  the  centre  of  the  wheel,  large 
enough  to  receive  the  upper  part  of  the  conical  brass  pillar  p, 
which  i:arries  the  screw  and  Hs  frame  :  and  as  the  resistance, 
when  tbe  nvheel  is  moved  by  the  endless-screw,  is  against  the 
side  of  tbe  slit  u  which  is  towards  the  left  hand,  that  aide  of  the 
slit  is  faced  with  brass,  and  the  pillar  is  pressed  against  it  by  a 
steel  spring  on  the  opposite  side :  by  this  means  the  pillar  is 
strongly  supported  laterally,  and  yet  the  screw  may  be  easily 
pressed  from  or  against  the  circumference  of  the  wheel,  and  the 
pillar  wiU  turn  freely  on  its  wb  to  take  any  diiection  given  it 
by  the  frame  l. 

**  Ax  each  comer  of  d^e  piece  i  (fig.  4.)  are  screws  [n]  of 
tempered  steel,  having  polished  coni^  points ;  two  of  them 
tuni  iu  conical  holes  in  the  screw*frame  near  £o],  and  the  points 
of  the  other  two  screws  turn  in  the  holes  in  the  piece  q;  the 
screws  [p]  are  of  steel,  which  being  tightened^  prevent  the 
xonical  pointed  screws  from  untuming  when  the  frsmie  is 
moved. 
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*'  L  (fig«  1, 2,  6.)  k  a  bmuinB^  yifhidk  wrvea  to  conaect 
the  endless  screw,  kt  finmey  foe.  witJi  Ibe  ceslte  ef  ihe  vtbetl : 
each  arm  <xf  this  ftafe  k  tenniaated  i^  a  «tael  acaenry  <hatiaaj 
be  pamed  thraugh  asy  of  the  boles  [q]  in  tbe  jiiace  (^  {fig«  4.X 
as  tfaetfaickiiess  of  work  to  be  divided  on  the  wheelinay  nBqave, 
and  are  fastened  by  the  finger-nuts  [r]  (fiff.  1  ti  S.) 

^  At  the  other  ^id  of  tlus  Irame  is  a  flat  piece  of  teanpered 
steel  [b}  (fig.  '6  J),  wheron  isan  angular  notch :  when  lim  cDdlesa- 
screw  is  pressed  against  the  teeth  of  tbectKamfereoce  of  Iha 
wbeel,  which  may  be  done  hy  tnniing  ihe  'finger-<scfew  s 
(fig.  1  &  2.)  (o  press  against  the  spring  [^^  this  notch embraoss 
ami  presses  f^^aimt  the  steel  arbor  f d].  This  end  of  the  Arama 
may  be  raised  or  ifepressed  by  asoving  the  pfismatic  sfide{u] 
(fig.  2.)  which  aaay  be  fiked  at  any  height  bjd»  lour  stejet- 
screws  [v]  (fig.  1,  2,  €.). 

'<  Tbe  bottom  of  this  slide  has  a  notch  [k]  (fig^  1  &  6.),  whose 
plane  is  parallel  to  the  endless«screw ;  and  lij  ^  peial  <rf  Ibe 
arb<ir  [d]  (fig.  S.)  resting  in  this  notch,  dus  ead  4if  ibe  traneis 
prei^eated  from  tillMg.  The  screw  s  (fig.  1,  8*)  «  presented 
from  untumingy  by  tightemng  dMS  finger*nut  [wj. 

**  The  teeth  on  the  circumference  of  th^  wheel  wese  col  by 
the  follownig  method : 

''  Having  considered  what  number  of  teedi  on  <he  circimi* 
ference  would  be  most  convenie«ty  which  in  this  engine  is  21 60, 
or  360  mnkiplied  by  6, 1  made  two  screws  of  the  same  dimen- 
sions^ of  tempered  steel,  in  the  mamier  hereaAer  described,  iihe 
interval  between  the  threads  being  such  as!  knewby  ofiksalatioii 
would  come  within  the  limits  of  what  might  be  turned  off  the 
cireumference  of  the  wheel:  one  of  these  screws,  which  was  in- 
tended for  tatching  or  cutcins  tbe  teeth,  was  notched  across  tbe 
threads,  so  that  the  screw,  when  pressed  againsithe  «dge  of  Ae 
wheel,  and  tarned  'romid,^ift  in  the  naaner  of  a  saw.  Then 
having  a  segment  of  a  circle  a  little  greater  than  ^  degrees,  of 
about  the  same  raditts  M^th  the  wheel,  and  the  circumference 
made  true,  from  a  vei^  fine  centse,  I  described  an  arch  near  the 
edge,  and  set  off  the  chord  of  60  degrees  on  this  areh.  This 
segment  was  put  in  die  pkce  of  the  wheel,  the  edge  of  it  was 
ratehed,  and  the -number  of  revoklions  and  parts  of  the  screw 
contained  between  the  interval  of  th;  €0  degrees  were  ^counted* 
The  radius  was  corrected  in  the  proportion  of  860  revelations, 
^hich  ought  to  have  been  in '60  degrees,  to  the  number  actually 
founds  and  the  radius,  so  oorrected,  was  taken  in  a  pair  of 
beam-compasses :  while  the  ^i^ieel  was  on  die  hithe,  one  foot  of 
the  compasses  was  put  in  the  centre,  and  with  the  odier  a  circle 
was  described  on  tbe  nog ;  then  half  the  depth  of  the  threads 
of  the  screw  being  taken  in  dividers,  was  set  from  this  circle 
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oolwanlsy  «k1  anolber  circle  was  deacnbed  cttttim  this  pomt ; 
a  ImDow  was  tbeo  turned  on  die  edge  of  the  wbeelof  die  same 
corrature  as  that  of  die  screw  at  the  bottom  of  the  threads :  tke 
bottom  of  this  boUow  ^-as  turned  to  the  same  radius  or  distance 
tnm,  the  centre  of  the  wheels  aa  the  outward  of  the  two  circles 
before  mentioned. 

^*  The  whed  was  now  taken  off  die  kthe;  and  the  bdUmeCal 
piece  o  (fig.  S.)  was  screwed  on  as  before  directed,  iirfiich  after 
this  ooght  not  tobe  reaaoved. 

''  From  a  very  exact  centre  a  circle  was  described  on  the 
ring  c  (fig.  If  %  3.)  about  ^  of  an  inch  within  where  die  bol* 
tom  of  the  teeth  would  come.     This  circle  was  divided  with  the 
greatest  exactness  I  was  cmable  of,  first  into  five  parts,  and 
each  of  these  into  three.    These  parts  were  then  bisected  four 
times :  (that  is  to  say),  supposing  the  whole  circumference  of 
the  wheel  to  contam  2160  teeth*  this  being  divided  into  five 
parts,  each  would  contain  432  teeth ;  which  being  divided  into 
three  parts,  each  of  them  woidd  contam  144 ;  and  this  apace 
bisected  four  times  would  give  72, 36, 18,  and  9 :  therefore  each 
of  the  last  divisions  would  contain  nine  teeth.     But,  as  I  was 
i^reheesive  some  error  might  arise  from  quinquesecti<m  and 
trisection,  in  order  to  examine  the  accuracy  of  die  divisions,  I 
described  another  circle  on  the  ring  c  (fig.  7.)  ^  inch  within 
the  former,  and  divided  it  by  continual  bisections,  as  2 160, 1080^ 
540,  270,  185,  67^,  and  SSi\  and  as  die  fixed  wire  (to  be  de- 
scribed presently)  crossed  both  the  circles,  I  could  examine 
their  agreement  at  every  185  revolutions ;  (after  ratching,' could 
examine  it  at  every  88|.) :  but,  not  finding  any  sensible  difference 
between  the  two  seu  of  divisions,  I,  for  ratohing,  made  choice 
of  the  former;  and,  as  the  coinckleoce  of  the  fixed  wire  with  an 
interaection  could  be  more  exactly  determined  than  with  a  dot 
or  division,  I  therefore  made  use  of  intersections  in  both  circles 
before  described. 

"  ITie  arms  of  the  frame  h  (fig.  7.)  weie  connected  by  a 
thin  piece  of  brass  of  j.  of  an  inch  broad,  having  a  hole  in  die 
middle  of  A  of  an  inch  in  diameter;  across  this  hole  a  silver 
wire  was  fixed  exactly  in  a  line  to  the  centre  of  the  wheel :  die 
coincidence  of  this  wire  with  die  intersections  was  examined 
by  a  lens  A  inch  focu^  fixed  in  a  tube  which  was  attached  to 
one  of  the  arms  l*.  Now  a  handle  or  winch  hua%  fixed  on 
the  end  of  the  screw,  the  division  mached  10  oe  the  circle, k 
was  set  to  its  index,  and,  bv  means  of  a  clamp  and  adjustios- 
screw  for  that  purpose^  die  intersection  marked  1  on  die  cirde 

•  The  intersections  are  marked  for  the  sake  ofilkistraiion,  though  pro- 
pcrly  invisible,  they  lying  under  die  brass  plate. 
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c  was  set  esactlj  to  cdocide  widi  the  fixed  wire ;  the  screw 
was  then  carefully  ^pressed  against  the  circumference  of  tfie 
wheel,  by  turning  the  finger-screw  8 ;  then,  removing  the  damp, 
I  turned  the  screw  by  its  handle  9  revolutions,  till  the  intersec* 
tjon  marked  940  came  nearly  to  the  wire ;  then,  untuming  die 
finger-screw  8, 1  released  the  screw  from  the  wheel,  and  turned 
the  wheel  back  till  the  intersection  marked  !2  exactly  coincided 
wkh  the  wire ;  and,  by  means  of  the  clamp  before  mentioned, 
die  division  10  on  the  circle  being  set  to  its  index,  the  screw  was 
pressed  against  the  edge  of  the  wheel  by  the  finger-screw  s ; 
the  clamps  were  removed,  and  the  screw  turned  nine  revoio- 
tions  tfll  the  intersecdon  marked  1  nearly  coincided  with  the 
fixed  wire ;  the  screw  was  released  from  the  wheel  by  untuming 
the  fii^r-screw  s  as  before ;  the  wheel  was  turned  back  till  the 
intersection  3  coindded  with  the  fixed  wire ;  the  division  10  on 
the  drcle  bemg  set  to  its  index,  the  screw  was  pressed  against 
die  wheel  as  before,  and  die  screw  waa  turned  9  revoludons^  dll 
the  intersection  2  nearly  coincided  with  the  fixed  wire,  and  the 
•crew  was  released ;  and  I  proceeded  in  this  manner  till  die  teedi 
were  marked  round  the  whole  circumference  of  the  wheel.  This 
was  repeated  three  times  round,  to  make  the  impression  of  the 
screw  deeper.  I  then  ratched  the  wheel  round  continually  in 
the  same  direction  without  ever  disengaging  the  scnsw;  and, 
in  ratchtng  the  wheel  about  300  dmes  round,  the  teeth  were 
finished. 

"  Now  it  is  evident,  if  the  circumference  of  the  wheel  was 
even  one  tooth  or  ten  minutes  greater  than  die  screw  would 
require,  this  error  would  in  the  first  instance  be  reduced  to 
7^  part  of  a  revolution,  or  two  seconds  and  a  half;  and  these 
errors  or  inequalities  of  the  teeth  were  equally  distributed  round 
the  wheel  at  the  distance  of  nhne  teeth  from  each  other.  Now, 
as  the  screw  in  retching  had  continually  hold  of  several  teeth 
at  the  same  dme,  and  these  constandy  changing,  .the  above- 
mentioned  inequalities  soon  corrected  themselves,  and  the  teeth 
were  reduced  to  a  perfect  equality.  The  piece  of  brass  which 
carries  the  wire  was  now  taken  away,  and  the  cutting-screw  was 
also  removed,  and  a  plain  one  (hereafter  described)  put  in  its 
place :  on  one  end  of  the  screw  is  a  small  brass  circle,  having  its 
edge  divided  into  60  equal  parts,  and  numbered  at  every  sixth 
division,  as  before  mentioned.  On  the  other  end  of  the  screw 
is  a  ratchet-wheel  c,  having  60  teedi,  covered  by  the  hollowed 
circle  [;d3  ^fig.  5.),  which  canies  two  cKcks  that  catch  upon  the 
opposite  sides  of  the  ratchet  when  the  screw  is  to  be  moved 
forwards.  'The  cylinder  s  turns  on  a  stmng  steel  arbor  f, 
which  passes  dirougb  and  is  firmly  screwed  to  the  piece  Y :  this  ' 
piece,  for  greater  firmnes!^,  is  attached  to  the  screw-frame  a 
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(fig.  4.)  by  die  braces  [v] :  m  spilral  groove  or  thread  is  cat  ckn 
the  outside  of  the  cylinder  s,  wnicli  serves  both  for  holdiiig  tlie 
striog,  and  also  givins  motioii  to  tbe  lever  j  on  its  centre  by 
means  of  a  steel  toom  [o]^  that  works  between  the  threttds  of 
the  spiral.  To  the  lever  is  attached  a  strong  steel  pm  M^  on 
which  abrass  socket  [r]  turns :  this  socket  passes  thnxigfa  a  slit 
in  the  |Hece  [pL  and  may  be  tightened  in  any  part  of  the  slit  bgr 
tbe  fin^-nut  [f]  :  this  piece  serves  to  regalate  tfie  number  of 
revolutions  of  the  screw  for  each  tread  ef  the  treadle  b. 

'^T(fig.l.)isabrassboscoataiBii^aspiralspriiv;  astray 
gut  is  fastened  and  turned  three  or  four  times  round  the  dr- 
cmiferrace  of  this  box ;.  the  gut  then  passes  several  tinies  roood 
the  cylinder  «,  and  from  thence  down  to  the  treadle  r  (%.  J.). 
Now,  when  th^  treadle  is  pressed  down,  the  strii^  pulls  the 
cylinder  s  round  its  axis,  and  the  oUcks  catching  boM  of  the 
teeth  op  the  ratchet  carry  the  screw  round  with  it,  till,  by  the 
tooth  [n]  woridng  in  the  spiral  groove,  the  lever  j  (fig.  4.)  is 
brought  near  the  wheel  [d],  and  tbe  cyUnder  stopped  by  tbe 
screw-head  [x]  striking  on  the  top  of  the  lever  j ;  at  the  same 
time  the  spring  is  wound  up  by  the  other  end  of  die^t  panning 
round  the  box  T  (fig.  1.).  Now,  when  the  foot  is  taken  off  the 
treadle,  the  spring  unbending  itself  pulls  back  the  cyluKler,  the 
clicks  leaving  the  ratchet  and  screw  at  rest  till  the  piece  Q] 
strikes  on  the  end  of  the  piece  [p]  (fis.  K) :  the  number  of  ic^ 
volutions  of  the  screw.at .  each  tread  is  limited  by  die  Dumber 
of  revolutions  the  cylmder  is  allowed  to  turn  back  before  the 
stop  strikes  on  the  piece  [p]. 

"  When  die  endless-screw  was  moved  round  its  axis  with'^s 
considerable  velocity,  it  would  continue  that  motion  a  little  after 
the  cvlinder  s  (fig.  1.  and  4.)  was  stopped ;  to  prevent  this,  the 
angular  lever  i^  was  made ;  that  when  the  lever  j  comes  near  to 
stop  the  screw  [x],  it,  by  a  small  chamfer,  presses  down  the 
piece  X  of  the  angular  lever ;  diis  brii^s  the  other  end  ^  of  dw 
same  lever  forwards,  and  stops  the  endless-screw  1^  the  sted 
pin  fi  striking  upon  the  top  of  it :  the  foot  of  die  lever  is  mised 
again  by  a  small  spring  pressing  on  the  brace  {v]. 

'<  D,  two  clamps,  connected  by  die  piece  et,  slide  one  on  each 
arm  of  the  frame  l  (fig.  1,  2,  6.),  and  may  be  fixed  at  pleasure 
by  the  four  finger-screws  t,  which  press  against  steel  springs  to 
avoid  spoiling  die  arms :  the  piece  [q]  is  made  to  turn  widiout 
shake  between  two  conical  pointed  screws  [f],  virhich  are  pre- 
vented  from  untumii^  by  tighteniiE^  thefinger-nuts  n. 
r  i'  The  piece  M  (fig.  6,)  '»  made  to  turn  oQ  the  piece 
UJ>  by  die  corneal  pointy  screws  [s]  fesdag  in  die  hoUow 
centres  [e]. 

''As  there  is  frequent  occasion  to  cut  divisions  on  inclined 
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^068,  for  thftC  purpose  tlie  piece  y,  in  which  the  tracer  is  fixed^ 
has  a  conical  axis  at  each  end,  which  turn  in  half  holes:  when 
tiie  tracer  is  set  to  any  incliiiationy  it  may  be  fixed  there  by 
llghteiiiag  the  steel  screws  fi. 

**  Description  of  the  Enrine  by  which  the  Endless-screw  of  the 
Diviaing-engine  was  cut. 

*^  Fig.  9.  represents  diis  engine  of  its  full  dimensions  seen 
from  one  side. 

**  Fig.  8.  the  upper  side  of  the  same  as  seen  from  above. 

^'  A  r^preeents  a  triangular  bar  of  steel,  to  which  the  trian- 
gular holes  in  the  pieces  b  and  c  are  accurately  fitted,  and  may 
be  fixed  pn  any  part  of  the  bar  by  the  screws  d. 

''  B  is  a  piece  of  steel  whereon  the  screw  is  btended  to  be 
eut ;  which,  after  being  hardened  and  tempered,  has  its  pivots 
Umed  in  ibe  fom  of  twd  frustums  ef  cones,  as  represented  in 
tb0  drawings  of  the  di?i<&ig-«ngine  (fig.  5.).  These  pivots  were 
exactly  fitted  to  the  half-^les  f  and  t,  which  were  kept  to 
gather  by  the  screws  z. 

*'  H  represents  a  screw  of  untempered  steel,  having  a  {nvot  i, 
wUdb  turns  in  the  bole  k.  At  die  oAer  end  of  die  screw  is  a 
boSow  centre,  which  receives  the  hardened  conical  point  of  the 
ateel  pin  m  •  When  diis  point  is  sufficiently  pressed  against  the 
screw*  to  prevent  its  shaking,  Ibe  steel  pm  may  be  fixed  by 
tif^letting  the  screws  t. 

^  V  is  a  cylindric  mit,  moveable  on  the  screw  h  ;  which,  to 
pi^vent  any  shake,  mav  be  tightened  by  the  screws  o.  This 
nut  is  connected  with  the  saddUe-piece  f  by  means  of 'the  inter- 
nediate  aniversal  joint  w,  through  which  the  arbor  of  tbe  screw 
H  passes.  A  front  view  of  this  piece,  with  a  section  across  the 
screw-arbor,  is  represented  at  X.  This  joint  is  connected  with 
tlie  nut  by  means  of  two  steel  slips  s,  which  turn  on  pins 
between  die  cheeks  t  on  the  nut  n.  Tbe  other  ends  of  these 
slips  s  turn  in  like  mamier  on  pins  (a).  One  axis  of  this  joint 
tiUDs  io  a  bole  in  die  cock  (b),  which  is  fixed  to  die  saddle- 
piece  ;  and  the  other  turns  in  a  hole  (d),  made  for  that  purpose 
m  t|ie  same  piece  on  which  tbe  cock  (b)  is  fixed.  By  this 
means,  when  tbe  screw  is  turned  romd^  the  saddle-piece  wiU 
slide  uniformly  along  the  triangular  bar  a. 

**  JL  is  a  small  triangular  bar  of  well-tempered  steel,  uhich 
slides  in  a  ji^roove  of  the  same  form  on  the  saddle-piece  i'.  The 
point  ol  thiM  bar  or  Ciitter  is  formed  to  cbe  shai)e  of  t\n  thr^^ad 
intended  to  be  cut  on  the  endless-screw.  When  the  cutter  is 
fet  to  take  proper  hold  of  the  intended  screw,  it  rrittv  be  fixed 
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by  tigbtecii^  the  screws  (e),  which  press  the  two  pieces  of  braas 
c  upon  it. 

<<  Having  measured  the  circumference  of  the  dividing-wfaeely 
I  found  it  would  require  a  screw  about  one  thread  in  a  hundrect 
coarser  than  the  suide-screw  h.  The  wheels  on  the  guido- 
scirew  arbor  n,  and  that  on  die  steel  b,  on  which  the  screw  waa 
to  be  cuty  were  proportioned  to  each  other  to  produce  tfaat 
effect,  by  giving  the  wheel  l  198  teeth,  and  the  wheel  q  200. 
These  wheels  communicated  with  each  other  by  means  of  die 
intermediate  wheel  b,  which  also  served  to  give  the  threads  on 
the  two  screws  the  sanie  direction. 

''  The  saddle-piece  p  b  confined  on  die  bar  a  by  means  of 
the  pieces  (g),  and  may  be  made  to  slide  with  a  proper  degree 
of  tightness  by  the  screws  (n).'* 

I^r  other  excellent  observations  and  directions  relative  to  the 
dividing  of  instruments,  see  Mr.  Smeaton's  paper  containing  ao 
account  of  Mr.  Hindle/s  method,  PAtV.  Trans,  vol.  Ixxvi.  or 
New  Abridgement,  vol.  xvi.  p.  SO— 56,  and  the  papers  of* Mr. 
Troughton,  Mr.  H.  Cavendish,  and  Professor  jLax,  in  Pkd, 
Trans,  for  1 809^  abridged  in  the  Retrospect  of  PhiL  and  Meek. 
Discoveries,  No.  23. 

REVERSING  of  motion  s,  conirivoneesfor.  We  do  not 
here  mean  to  speak  of  alteraatbg  or  reciprocatmg  motions  after 
intervals  of  short  continuance,  those  bemg  already  treated  of  ki 
the  introductory  part  of  this  volume,  also  under  the  title  Paral- 
lel motions,  besides  that  they  occur  incidentally  in  the  separate 
descriptions  of  several  machines.  We  shall  now  mention  some 
methods  of  reversing  motions  after  much  longer  intervals ;  as 
in  the  case  of  drawing  up  buckets  from  wells  or  mines,  where 
no  change  of  direction  may  be  required  for  several  minutes;  or 
in  different  kinds  of  mill-vrork,  where  the  direction  may  not  be 
cbabged  for  some  hours. 

Contrivances  to  eflfect  siich  reversion  of  motion  are  veiy 
numerous ;  but  almost  aU  of  them  may  be  reduced  to  two 
general  methods :  for  the  reqnired  change  is  generally  prodaced 
either  by  making  two  equal  pinions  on  one  and  tbe  same  axis 
'  take  alternately  mto  the  teeth  of  those  parts  of  a  larger  wheel 
which  are  nearly  diametrically  opposite ;  or,  by  means  of  an 
additional  wheel  which  may,  as  the  practidd  noechanics  term 
it,  be  thrown  in  and  out  of  gear  alternately. 

In  many  engines  for  drawing  buckets  out  of  mines  that  are 
moved  by  horses,  the  motion  is  frequently  reversed  by  tununff 
round  the  animsl,  and  causing  him  to  retrace  hb  steps  and 
draw  the  contrary  way:  bot  this  is  found  very  injurious  to  tbe 
horse,  a  circumstance  which  has  frequently  led  to  Ae  adoption 
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of  other  methodfl.  In  Eaienoa^  Mecfaaoioi  a  tiapk  coa- 
trivance  is  describedy  ooDsistmg  merdy  of  «  horumtal  £iice- 
wliiecfl  upon  the  same  vertical  shaft  as  the  borsepole  ia  attached 
to,  and  two  eoual  pinions  upon  the  same  axle  as  carries  the: 
drum  or  barr«  on  which  the  rope  whids.  The  axle  which 
carries  the  dmm  and  pmions  is  fixed  horizontally^  a  little  above 
a  diameter  of  the  faee-wheel;  and  first  one  and  then  the  oth$|r 
of  the  pinions  is  made  to  be  driven  by  that  vrfaeel;  thus,  manU 
festly,  reversii^  the  motion  as  required.  There  are  two 
methods  of  attaching  these  pinions  to  the  axle,  and  makag 
them  to  be  acted  npon  by  the  face- wheel :  in  one  of  them,  the 
pinions  are  fhstened  upon  the  aale  at  a  distance  from  each  other 
exceeding  the  diameter- of  the  iace*wheel only  d  or  4  inches; 
then,  the  axle  being  moved  horizontally  through  thb  smalt 
distance  brings  fifst  one  and  then  the  other  pinion  into  contact 
with  the  whc^  at  opposite  extremkies  of  a. diameter,  and  thus 
changes  the  direetkm  of  the  motion ;  but  this  method  is  at*^ 
tend^  with  the  disadvantage  of  havii^  often  to  move  a  heavy 
w^ht  vrith  the  boritontal  axle,  besides  that  there  is  OMielt 
danger  of  brealring  the  teeth  of  the  pinions  and  wheel  when 
they  first  come  to  embrace  €9xh  other.  In  the  aeoond  method^ 
the  Jantems  or  pinions  both  turn  constaody  with  the  iace-wbeei, 
but  they  plqr  freely  upon  their  common  axle,  except  they  are 
stopped  by  a  pin  which^/£j«i  diem ;  the  anplicatioa  of  such  pin 
to  first  die  one  and  then  the  od^  of  the  lantms  produces  the 
akemating  motion  as  proposed. 

M.  Prony  has  two  contrivances  for  reversing  the  motioo  in 
horse«whims,  without  changing  that  of  the  animal :  in  both  of 
which,  however,  the  general  principle  is  the  same  as  diat 
adopted  by  Mr.  ^nerson.  In  die  first  a  horizontal  wheel, 
toomed  at  its  htce,  lay  just  above  two  vertical  pinions,  fixed  oo 
the  opposite  extremities  of  an  axis  of  die  length  of  its  diameter. 
This  wheel  was  so  contrived  as  to  incline  aMttle  from  its  hori* 
zontal  position  to  either  side  at  pleasure;  sathat  on  the  one  « 
inclinatioa  its  teeth  locked  with  those  of  one  pinion,  and 
receded  from  the  other;  and  on  the  other  position,  ita  operatiou 
on  the  pinions  was  reversed :  by  which  the  axis  of  the  pinions 
turned  round  first  in  one  direction,  and  afterwards  in  the 
contrary. 

M.  Prony,finding  this  method  aabject  to  some  ioconvemeaces, 
contrived  the  foitowing,  which  he  esteems  much  superior  to 
it.  An  horizontal  wb^,  toothed  at  its  face,  and  attached  to 
a  perpendicular  arbor  (which  gives  it  motion),  turns  two 
pimoiis,  moveable  on  the  same  axis,  which  it  meets  at  tbe 
opposite  sides  of  its  ciromnlereBce :  these  pinions  are  nut 
attached  to  the  axis,  but  turn  round  fireely  upoii  it  r  the  inter*^ 
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moAM  fmi  of  the  axis  u  s^sare,  aad  las,  adjokiog  to  eaeh 
pioian,  Wxes  nrhick  slide  back  and  forwards  oo  it^  eacrh  of 
wbicb  Mpport  a  fiKted  wheel,  with  strong  serrated  teeth ;  die 
serration  oeing  in  a  different  direction  on  the  opposite  wheels : 
the  boxes  are  connected  by  two  iron  bars,  so  as  to  change  their 
places  b^  one  morenieot ;  to  the  pinions  there  are  also  semted 
faced  wheels  altadied,  so  as  to  lock  on  those  opposite  to  tbem 
6»  the  sliding  boxes.    From  this  construction  it  follows,  that 
when  the  boxes  are  slidden  to  one  extremity  of  the  azisy  the 
pinion  at  that  side  will  be  connectod  with  the  axle,  and  009- 
mtmicate  its  nuition  to  it  in  one  direcliM;  and  when  the  boxes 
are  moved  to  the  other  extrenuty^  then  the  first  pinion  will  be 
disengaged,  and  the  second  be  locked  to  the  axle,  and  canae  it 
to  turn  round  in  a  direction  the  reverse  of  that  in  which  it 
moved  before,    lliere  is  a  lever  on  another  axle,  whose  oflke 
is  so  move  the  before-mentioned  boxes  backwards  and  forwards: 
an  arm  projects  from  the  avis^  which  moves  between  two  pieces, 
pioceeding  from  the  frame  connected  with  the  boxes :  the  lever 
rises  unwards,  and  has  a  weight  at  its  top,  by  which  it  presses 
strongly  in  either  direction,  when  it  passes  the  perpendicular 
position ;  fonmng  thus  the  contrivance  vnl^purly  called  a  tum* 
Dling-l>ob,  which  is  used  in  various  engines  for  a  similar  pur- 
pose.    Upon  the  same  axle  on  which  the  pinions  move  is  £eis- 
tened  a  drum-wheel,  round  which  passes  the  chain  or  cord  to 
which  the  buckets  are  attached ;  another  chain  or  cord  is  placed 
below  the  buckets,  from  the  bottom  of  one  to  that  of  the  other, 
to  form  an  equiUbriom  between  the  whole  of  the  appeada^  of 
one  bucket  and  that  of  the  other  in  all  positions.     A  bar  is  so 
placed,  that,  on  one  of  the  buckets  rising  to  a  certain  height,  it 
catches  the  bar,  forces  it  upwards,  and  thereby  throws  over  die 
tumhting4iob  connected  with  its  other  extremity:    this  re- 
venes  the  movement  of  the  buckets ;  and,  on  the  otiier  bucket 
rishig,  it  operates  m  the  same  way  on  another  lever,  which 
thsows  the  bob  to  the  other  side,  and  causes  the  first  bucket  to 
rise  again. 

M.  Proiiy  hm  annexed  a  contrivance  to  this  engine  by  which 
the  horse  that  puts  it  in  motion  is  disengaged  when  any 
accident  happens,  which  would  tend  to  stop  the  movement  of 
the  w  i)t  els :  fortius  purpose  the  traces  pass  under  two  pulleys  in 
the  ends  of  the  yoke  $  and  their  ektremilies^  which  have  ^ps 
vrrought  in  dmas,  are  alteniately  attached  to  two  pins  in  a  roller, 
round  which  a  cord  is  wouud  two  or  three  turns,  and  passei 
from  thence  through  rings  m  the  lever,  which  causes  the  srbor 
10  revolve,  and  over  a  pulley  on  the  arbor  to  a  weight  which 
hangs  beside  it.  When  the  draught  exceecte  this  v\eight,  it  is 
evident  the  roller  will  be  drawn  round  by  the  traces,  and  that 
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they  win  slip  off  tbe  pump  and  be  distogaBtd  doriag  the  ftrst 

Tbe  metbod  of  rtvoniiig  molioo  b;  owing  pinions  (o  ha 
operated  upon  by  the  opposite  parte  of  a  fiM^e-nvfaee!,  das  been 
loog  known  and  practised  by  Bullwrigbtsi  and  ibey  have  various 
coBlriyances  fo^  perforaing  the  altematMa,  as  by  levers^  screws, 
tuaiUing4>obs9  &C  One  of  these  will  be  illualrated  by  a 
figure,  when  we  cone  to  the  article  ti  d  e-19Ii7/.  And  for  several 
methodsof  reversaignolioos,8ee  pl.XXXVllI.  and  XX  XIX. 

As  to  tbe  secrad  general  method,  it  has  perhaps  an  ap* 
pearance  of  greater  simplicity ;  though,  when  reduced  to  prac- 
tice, it  is  commonly  found  more  expensive  than  tbe  'former. 
Suppose  that  whVe  die  horisontal  wheel  a  (fig.  g.  pL  XX  Vill.) 
coiOmnes  to  turn  always  one  way,  it  is  required  to  have  the 
horiaontal  wheel  B  tntn,  sonietiaies  in  one  duecfion,  and  some- 
times in  another*:  by  means  of  an  additional  wheel  c,  equal  io 
diameter  and  number  of  teeth  (supposing  the  velocities  in  both 
directions  Io  be  equal),  this  may  be  accomplished,  thus :  Let 
the  two  wheels  b  and  c  have  the  lower  pivote  of  tbenr  aales 
resting  in  boxes  or  cases  that  may  be  OMved  up  and  down  by 
means  of  screws;  and,  while  the  wheels  a  and  n  are  nearly  of 
equal  thicknessy  let  Ibe  wheel  c  be  somewhat  more  than  double 
the  thickness  of  either:  when  the  motion  of  the  wheel  b  is  to 
be  in  a  contrary  direction  to  that  of  a,  let  the  wheel  c  be 
lowered  so  much  that  ite  teeth  play  neither  into  those  of  a  nor 
B,  while  the  teeth  of  a  take  into  those  of  b  and  drive  it  round  : 
when,  on  the  contrary,  b  is  to  be  moved  io  the  same  direction 
as  A,  let  the  wheel  b  be  lowered  till  ite  teeth  do  not  come  into 
contact  with  those  of  a,  and  let  c  be  raised  until  the  upper 
parte  of  its  teeth  take  between  those  of  the  wheel  A,  while  the 
lower  parte  of  other  teeth  |>lay  into  the  teelh  b  ;  so  shall  tbe 
rotetion  ol'  n  have  the  direction  required.  If  the  motion  of  tbe 
wheel  A  were  sometimes  in  one  direction  and  sometimes  in 
another,  the  motion  of  n  might  all  aloog  be  preserved  ni  one 
direction,  by  the  occasional  Application  of  c  as  an  intern^ediate 
wheeL 

Reovlator  ofdtsciMditig  moiions.    See  Hardie's  Cb an  b. 

ROTATORY  kotion,  when  produced  by  a  reciprocating 
motion,  requires  some  cootriva<H:e  to  render  it  aniformy  or 
nearlj  so.  Tbe  usual  method  of  equalizing  is  by  atti^hiog  a 
fly-wheel  to  some  part  of  the  machinery:  but  Mr.  Arthur 
Wooif  has  invented  an  apparatus  to  be  substituted  for  the  Ay  io 
&team  engines,  which  possesses  the  advantage  of  equalising  the 
motion,  with  the  property  of  beiqg  stopped  and  set  to  wurk  at 
any  part  of  tbe  stroke. 

Plate  XXIII.  fig.  ♦.  A  represente  part  of  the  eng'me-beam ; 
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B  the  cooBeetiog'^rod ;  c  tlMe  craiik-«rai;  Da  eog-ndied,  work- 
ing into  another  cog-wheel  b,  of  half  the  size ;  f  a  enask-mrm 
on  the  shaft  of  the  small  wheel ;  o  a  cylitider  closed  at  bottom, 
in  which  a  solid  or  nnperibrated  piston  moves,  leavii^  a  Taciram 
beneath.  This  acts  simply  instead  of  a  weight  on  the  crank  f, 
bj  the  ccmstant  pressure  of  tfie  atmosphere;  and  the  diameter 
.of  the  piston  must  be  such  as  nearly  to  equal  one-third  of  die 
power  of  the  engine. 

In  fig.  5.  the  outer  circle  is  the  line  described  by  the  crank; 
the  circumference  of  >  the  inner  circle  is  equal  to  twice  the 
diameter  of  the  outer,  and  the  square  has  Uie  same  circnm- 
fcfence :  this  last  exhibits  the  inequality  still  remaining^  which 
by  this  method  is  reduced  to  about  one  fifth ;  but  by  t!^  asaist- 
ance  of  a  small  fly  on  the  second  motion,  the  effect  will  become 
nearly  the  same  as  that  of  a  rotative  engine  with  the  advantages 
here  mentioned. 

The  same  motion  may  be  applied  to  a  pump,  but  in  tfiis  case 
the  tM^o  cranks  must  be  horizontal  at  the  same  tiofte.  (Nich. 
Jo«r.  No.  23.  N.S.) 

SAWMILLS,  constructed  for  the  purpose  of  sawing  either 
timber  or  stone,  are  moved  by  animals,  by  water,  by  wind,  or  by 
steam.  They  may  be  distinguished  into  two  kinds:  those  in 
which  the  motion  of  the  saws  is  reciprocating,  and  those  in 
which  the  saws  have  a  rotatory  motion.  In  either  case  the 
researches  of  theorists  have  not  yet  turned  to  any  account :  in- 
stead, therefore,  of  giving  any  uncertain  theory  here,  we  shaU 
proceed  to  the  descriptive  part,  and  refer  those  who  wish  to  aee 
some  curious  investi^tions  on  this  subject  to  a  Memoir  on  Ae 
Action  of  Saws,  by  Euler,  in  Mem.  Acad.  Bjoy.  Berlin,  1 756. 

Reciprocating  sawmills  for  euttii^  timber  and  moved  by 
water,  do  not  exhibit  much  variety  in  their  constructioiL  The 
sawmill  represented  in  pi.  XXVIII.  is  taken  from  Gray's 
Experienced  Millwright;  but  it  only  differs  in  a  few  triiiiig 
particnlars  from  some  ¥rhich  are  described  >«i  Belidor^s  Ardii- 
tecture  Hydraulique,  and  in  Gallon's  Collection  of  MacUnes 
approved  by  the  Fr^ich  Academy. 

1 .  The  plate  just  referred  to  shews  the  elevaiion  of  the  mill. 
AA  the  shaft  or  axlf,  upon  which  b  fixed  the  wheel  bb  (of 
I7i  or  18  feet  diameter),  containing  40  buckets  to  receive  the 
water  which  impeb  it  round,  cc  a  wheel  fixed  upon  the  same 
shaft  contrining  96  teeth,  to  drive  the  (nnion  No.  2.  having  2S 
teeth,  which  is  festened  upon  an  iron  axle  or  spindle,  having 
a  coupling  box  on  each  end  that  turns  the  cranks,  as  dd^ 
round :  one  end  of  the  pole  B  is  put  on  the  crank,  and  its  other 
end  moves  on  a  joint  or  iron  bolt  at  F,  in  tfa«  lower  &ad  of  the 
frame  go.    The  crank  do  bemg  turned  round  in  the'  pole  e, 
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moves  tkt  frtmea  gq  up  and  down,  and  these  hsviog  saws- in 
theniy  by  this  motkui  cot  die  wood.  The  pinion,  No.  2.  maj 
work  two,  three,  or  more  cranks,  and  thns  move  as  many  frames 
of  saws.  No.  3,  an  iron  wheel  havioff  angular  teeth,  which  one 
end  of  the  iron  k  takes  hold  of,  whw  its  other  end  rolls  on  a 
bolt  in  the  lever  hh.  One  end  of  this  lever  moves  on  a  bolt 
at  I,  the  other  end  may  lie  in  a  notch  in  the  frame  60  so  as  to 
be  poshed  up  and  down  by  it.  Thus  the  catch  k  polls  the 
wheel  round,  while  the  catch  l  faUs  mto  the  teeth  md  prevents 
it  from  going  backwards.  (See  Umverml  lbtsb.)  Upon  the 
axle  of  No.  3.  is  also  fixed  the  ptuion  No.  4.  taking  into  the 
teeth  in  the  under  edjj*e  of  the  iron  bar,  that  is  fast^ied  upon 
the  frame  tt,  on  which  the  wood  to  be  cot  b  hid :  by  this 
mean  die  frame  tt  is  moved  on  its  rollers  ss,  along  die  fixed 
frame  uu ;  and  of  coarse  the  wood  fitistened  upon  it  is  brought 
forward  to  the  saws  as  they  are  moved  up  and  down  by  reason 
of  the  taming  roond  of  the  crank  dd.  vv,  the  machine  and 
handle  to  raise  the  duice  wheo  the  water  b  to  be  let  upon  the 
wheel  BB  to  give  it  motion.  By  pullii^  the  rope  at  the  longer 
Wm  of  the  lever  m,  die  pimon  No.  2.  is  put  mto  the  hold  or 
grip  of  the  wheel  cc.  which  drives  it ;  and  by  pullin|r  the 
rope  B,  this  pinion  is  cleared  from  the  wheel.  No.  £•  a  pmion 
containing  24  teeth,  driven  by  the  wheel  cc,  and  having  upon 
its  axle  a  sheave,  on  which  is  die  rope  pp,  passing  to  the  sheave 
No.  6.  to  turn  it  round ;  and  upon  its  axle  is  fixed  the  pinion 
No.  7.  acting  on  the  teeth  in  an  iron  bar  upon  the  frame  tt, 
to  roll  that  frame  backwards  when  empty.  By  pulling  the  rope 
at  die  longer  arm  of  the  lever  k,  the  pinion  No.  5.  is  put  into 
the  hold  of  the  wheel  cc ;  and  by  pulling  the  rope  o  it  is 
taken  o£f  the  bold.  No.  8.  a  whed  fixed  upon  the  axle  No.  9. 
havmg  upon  its  periphery  angolar  teeth,  into  which  the  catch 
No.  10.  takes ;  uid  being  moved  by  the  lever  attached  to  the 
opper  part  of  the  firaune  G,  it  puAes  the  wheel  No^  8.  round ; 
and  die  catch  No.  II.  falls  into  the  teeth  of  the  wheel,  to  pre- 
vent it  firom  g<Hng  backwards  while  the  rope  rolls  in  its  axle, 
and  drags  the  logs  or  pieces  of  wood  in  at  the  door  y,  to  be  laid 
upon  tl^  moveable  frames  tt,  and  carried  forward  to  the  saws 
to  be  cut.  The  catches  No.  10.  11.  are  easily  thrown  out  of 
play  when  they  are  not  wanted.  The  gudgeons  in  the  shafts, 
rounds  of  the  cranks,  spindles,  and  pivots,  should  all  turn  round 
in  cods  or  bushes  of  brass,  z,  a  door  in  one  end  of  the  mill- 
bouse, at  which  the  wood  is  conveyed  out  when  cut.  ww, 
walls  of  the  mill-house.  gQ,  the  couples  orframing  of  the  roof. 
XXX,  8cc.  windows  to  admit  l^ht  to  the  house. 

A  phm  of  this  mill  is  given  in  pL  43  of  Mr.  Gr«/8  book. 

2.  Sawmills  for  cutting  blocks  of  stone  are  generally,  though 
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not  always,  moved  honsKNitaUy :  the  horizontal  allem^e  motKNi 
Bwy  be  connDitoicated  to  one  or  more  saws,  by  meaoB  ^f  a 
rotatory  motion,  either  by  the  use  of  cranks,  Su:.  or  in  somm 
such*  way  as  the  foUowii^.    Let  the  horizontal  wheel  abi>c 
(fig.  3.  pL  XX.)  drive  the  pinion  opN,  tikk  latter  carrying  a 
iFertical  pin  p,  at  the  diatance  of  about  <f  of  the  (fiameter  from 
the  centrev     This  pinion  and  pin  are  represented  separately  in 
No.  2.  of  %•  3.    Let  the  frame  wstv,  carrying  four  saws, 
marked  1,  9,  S|4,  have  wheels  VyT,w,Wy  each  romnng  in  a 
croove  or  rut,  whose  direction  is  paralld  to  the  pn^Kiaed 
direction  of  the  saws :  and  let  a  transverse  groove  ra,  whose 
length  is  double  the  distance  of  the  pin  p  fiom  the  centre  of  ike 
opinion,  be  cut  in  the  saw  frame  to  receive  that  pin.    Then,  aa 
the  great  wheel  revives,  it  drives  the  pinion,  and  carries  round 
the  pm  p :  and  this  |nn,  being  compelled  to  slide  in  the  straight 
groove  pRy  while  by  the  rotation  of  the  |Mmon  on  which  it  is 
fixed  Its  distance  Arom  the  great  wheel  is  constantly  varying,  it 
causes  the  whole  saw  frame  to  approach  to  and  recede  from  the 
great  wheel  alternately,  while  the  grooves  in  which  the  wheels 
run  confine  the  frame  so  as  to  move  in  the  direction  i  /,  w. 
Other  blocks  of  stone  may  be  sawn  at  the  same  time  by  the 
moiion  of  the  great  wheel,  if  other  pinions  and  frames  running 
off  ill  the  directions  of  the  respective  radii  EB,  £A,   ec,  be 
worked  by  the  teeth  at  the  quadrantal  points  b,  a,  and  c.    And 
the  contrary  efforts  of  these  four  frames  and  pinioHS  will  tend  to 
soften  down  the  jolts,  and  equalize  the  whole  motion. 

The  same  contrivance,  of  a  pin  fixed  at  a  suitable  distance 
from  the  centre  of  a  wheel,  and  sliding  in  a  groove,  m^  serve 
to  convert  a  reciprocatiug  into  a  rotatory  motion  ;  but  it  will 
not  be  preferable  to  the  common  conversion  by  means  of  a 
crank. 

8.  When  saws  are  used  to  cut  blocks  ot  stone  into  pieces 
having  cylindrical  surfaces,  a  small  addition  is  made  to  the 
apparatus.  See  figs.  8,  9.  pi.  XX.  The  saw,  instead  of  beii^ 
allowed  to  fail  in  a  vertical  groove  as  it  cuts  the  block,  is 
attached  to  a  lever  or  beam  fg,  sufficiently  strong  *,  this  lever 
has  several  holes  pierced  through  it,  and  so  has  die  verucal 
fnece  £j>,  which  is  likewise  moveable  towards  either  side  of  the 
fi-ame  in  grooves  in  the  top  and  bottom  pieces  al,  dm.  Thus, 
the  length  KG  of  tl^  radius  can  be  varied  at  pleasure,  to  suittbe 
curvature  of  no  ;  and  as  the  saw  is  muved  to  and  fro  by  proper 
machinery,  in  the  direction  en,  ac,  it  works  lower  and  lower 
into  the  block,  while,  being  confined  bylbe  beam  ra,  it  cats 
the  cylindrical  portion  from  the  block  h,  as  required. 

When  a  completely  cylindrical  pillar  is  to  be  cut  out  of  one 
block  of  stone,  die  first  thing  will  pe  to  ascertain  in  the  block 
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the  position  of  the  axis  of  the  cylinder :  then  lay  the  block  so 
ilu»t  siidi  MiB  shall  be  parallel  lo  the  horiaon,  aad  let  a  eylia*- 
drieal  hole  of  from  one  to  two  inches  diameter  be  bored 
-eadrely  throngb  it«  Let  mi  iron  bar,  whose  diameter  is  rather 
less  than  that  of  this  tube,  be  put  thi^Migh  it,  having  just  room 
to  slide  freely  to  and  fro  as  occasion  mi^  rq^ire.  Eachjend  of 
this  bar  should  terminate  in  a  screw,  on  which  a  nut  and  frame 
iBsy  be  fastened :  the  mit  frame  should  cany  three  flat  pieces  of 
v^ood  or  iron,  each  having  a  slk  running  along  its  middle  nearly 
from  one  end  lo  d^  other,  nnd  a  screw  and  handle  mnst  be 
adapted  to  each  slit:  by  these  means  ike  fmme-^ork  at  each 
end  of  the  bar  may  readily  be  so  ad[|usted  as  to  form  e^ nal 
isosceles  or  equilateral  triai^gles ;  the  iron  bar  will  connect  two 
cormsponding  an^^  of  these  trianj^  the  saw  ip  ht  used  two 
odier  correspondmg  anf^e^  aad  anotb«r  bar  of  iton  or  of  wood 
the  two  mmainnig  anj^es,  to  give  suficient  strength  lo  ^  whole 
frame.  This  constmctiony  it  is  obvions,  will  eMble  the  wocb- 
men  to  place  the  saw  at  any  proposed  distanoe  fram  the  hok 
drilled  through  Ae  nuddle  of  ifae  block ;  and  tbeiv  by  giving  the 
alternating  motion  to  the  saw  frame^  die  cjdinder  may  at  length 
be  cnt  fiom  the  block,  as  reqraimd.  This  method  was  first 
pointed  out  in  the  Collection  of  Machines  approved  by  the  Pads 
academy. 

If  it  were  proposed  to  saw  a  conic  frustum  lirom  such  a 
block,  then  let  two  frames  of  wood  or  iron  be  fixed  to  those 
parallel  ends  of  the  block  which  are  intended  to  coincide  with 
the  bases  of  the  frustum,  circular  grooves  being  preiviously  cut 
in  diese  frmnes  to  correspond  wim  the  circumferences  ^f  the 
two  ends  of  the  proposed  frustum ;  the  saw  bei^g  vimrked  in 
these  grooves  wiU  manifestly  cut  the  conic  surfrice  from  the 
blocks  This,  we  believe^  is  the  contrivance  of  sir  Gieoiige 
Wri^t. 

The  best  method  of  driUkg  the  hole  through  the  middle  of 
the  proposed  cyHnder  seems  to  be  this :  on  a  carriage  running 
vpon  fonr  low  wheels  let  iwo  vertical  pieees  (each  Inving  a 
hole  jttBt  large  enough  to  admit  the  borer  to  play  freely)  be 
&ked  two  or  2iree  feet  «sunden,  and  so  conlrived  that  the  pieces 
'and  holes  to  receive  the  borer  may,  by  screws,  &c.  be  raised  4ir 
lowered  at  pleasurcy  while  the  borer  is  prevented  from  sliding 
to  and  fro  by  shoulders  upon  its  bar,  which  are  inrger  than  the 
holes  in  die  vertical  pieoes,  and  which,  as  the  borer  revolves, 
press  against  those  pieoes :  let  e  paK  of  the  boring  bar  betwetti 
the  tw%  vertical  pieees  he  square,  and  a  grooved  wImI' with  a 
«)nare  hole  of  n  suitable  size  be  placed  4if>on  dns  partof  tlse 
Imr;  then  the  natataiY  motion  may  be  given  to  the  bar  by  an 
endUsa«band  wUeh  shall  pass  over  this  grooved  wheel  and  a 
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wheel  of  a  much  larger  diameter  in  the  same  plane,  the  latter 
wheel  being  turned  by  a  winch  handle  in  the  usual  way.  As 
the  boring  proceeds,  the  carriage  with  the  borer  may  be  brought 
nearer  and  nearer  the  block,  by  levers  and  weights,  in  the  aune 
manner  as  is  described  under  the  article  baring  of  okdn AiccB. 

4.  Circular  saws,  actmg  not  by  a  reciprocating,  but  by  a 
rotatory,  motion,  have  been  long  known  m  Hdland,  where  they 
are  used  for  cutting  wxkkI  wanted  in  veneering.  TheyweretatMv 
duced  into  this  country,  we  believe,  by  general  Benthwii,  and 
are  now  used  in  the  dock-yard  at  Portsmouth,  the  Royal  Arseaal, 
Woolwich,  and  in  a  few  other  places :  but  the^  are  not,  as  yet, 
so  generally  adopted  as  might  be  wished,  considering  how  weN 
they  are  calculated  to  abridge  labour,  and  to  accompliab  with 
expedition  and  accunK^  wlmt  is  very  tedious  and  irksooie  to 
pcrfonn  in  the  usual  waj.  Circular  saws  jnay  be  made  to  turn 
either  in  horixoatal,  vertical,  or  ineKned,  planes ;  and  the  timber 
to  be  cut  may  be  laid  upon  a  plane  incuned  in  any  direction ; 
so  that  it  may  be  sawn  by  Knee  making  any  angle  whatever,  or 
at  any  proposed  dntance  from  each  other.  When  the  saw  is 
fiUBd  at  a  certain  angle,  and  at  a  certain  distance  from  the  edge 
of  the  frame,  all  the  pieces  will  be  cut  of  the  same  size,  without 
marking  upon  them  by  a  chalked  line,  merely  1^  causing  them 
to  be  moved  along  and  keeping  one  side  in  contact  with  iSe  side 
of  the  frame ;  for  then,  as  they  are  brought  one  by  one  to  touch 
the  saw  revolving  on  its  axle,  and  are  pressed  upon  it,  they  are 
soon  cut  through. 

Mr.  Smart,  of  Ordnance  Wharf,  Westminster-bridge,  has 
several  circular  saws,  aH  worked  by  a  horse  in  a  moderate  mzed 
walk  :^  one  of  these,  intended  for  cutting  and  borii^  tenons  used 
in  this  geiitleman's  hollow  masts,  b  representeid  in  fig.  2. 
pL  XXVI,  NOP(2R  if  a  hollow  frame,  under  which  is  part 
of  the  wheel-work  of  the  horse-mill. — a,  b,  d,  c,  b,  f,  are 
pulleys,  over  vrhich  pass  straps  or  endless  bands,  tfie  parts  of 
which  out  of  sight  run  upon  the  rim  of  a  large  vertical  wheel: 
by  means  of  this  simple  apparatus,  the  saws  s,  s^  are  made  to 
revolve  upon  their  axles  vrith  an  equal  velocity,  the  same  band 
passing  round  the  pulleys  d,  c,  upon  those  axles;  and  the 
rotatory  motion  is  given  to'the  borer  o  by  the  band  passii^  over 
the  pulley  a.  The  board  i  is  inclined  to  the  homon  in  an 
angle  of  about  30  degrees ;  die  plane  of  the  saw  s^  is  parallel  to 
that  of  the  board  i,  and  about  ^  of  an  inch  distant  from  it,  while 
the  pluie  of  the  saw  s  is  vertical,  and  its  lowest  point  at  the 
same  distance  from  the  board  i.  Each  piece  of  wood  X  out  of 
which  the  tenon  is  to  be  cut  is  4  inches  long,  an  inch  and  a 
<)uarter  broad,  and  \  of  an  inch  tirick.  One  end  of  such  piece 
is  laid  so  as  to  slide  along  the  ledge  at  the  lower  part  of  the 
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board  i;  and  asitk  patliedon,byiQe«n8o(diehaBdle  h,  it  is* 
tint  cut  by  die  saw  »\  and  immediately  after  by  tbe  taw  s : 
after  tbis  tbe  olber  end  is  ptU  lowest,  and  tbe  piece  is  again  cut 
by  both  saws :  tben  the  tenou  is  applied  to  the  borer  o,  and 
as  soon  as  a  hole  is  pierced  through  it,  it  is  dropped  into  the 
box  beneath.  By  this  process,  at  least  30  tenons  may  be  cob)- 
pletod  in  a  mtnate,  wiib  greater  accuracy  than  a  man  could 
make  <me  in  a  quartet'  of  a  hour,  widi  a  common  hand-saw  and 
gimblet.  The  like  kind  of  contrivance  may,  by  slieht  alterations, 
be  fitted  for  many  odier  purposes,  parUcularly  all  such  as  may 
require  die  speedy  sawii^  of  a  great  number  of  pieces  into 
exactly  the  same  sisee  and  shape.  A  very  fpreat  advantage  at- 
tending  this  sort  of  machinery  is,  that,  when  once  the  position 
of  die  saws  and  frame  is  adjusted,  a  common  labourer  may  per- 
form die  business  just  as  well  as  the  best  woriunan. 

Mr.  Brunei,  a  well-known  civil  engineer,  took  out  a  patent 
for  saw-macUnory,  in  May,  1805.  .  Tbe  following  b  an 
abffidgemem  of  his  specification.  The  saws  are  circmar,  and 
turn  upon  an  axis  passing  throu|^  their  centre.  When  they 
are  too  large  ta  be  made  with  sufficient  strength  of  only  one 
piece  of  steely  they  may  be  consUtuted  of  two,  four,  eight,  &c. 
pieces,  and  the  joining  edge  of  one  plate  must  be  hollow,  to  re- 
ceive the  sharp  edge  of  that  which  is  ta  be  fitted  into  it.  To 
augment  the  strength  of  the  plates,  flanches  may  be  closely 
fitted  to  them,  sevml  pieces  of  leather  or  of  paper  be^ng  inter- 
posed, by  means  of  which  and  screws  d^y  applied,  the  wlnJe 
may  be  made  very  firm  and  strong. 

The  improvements  in  tbe  machinery  for  sawing  timber  easily 
and  expeditiottsly  consist  in  the  modes  of  laying  and  holding 
the  paace  of  wood  in  the  carriage  or  drag,  m  the  hicihijof 
shifting  the  saw  from  one  cut  to  another,  and  in  the  pmcticar 
bility  of  sawing  both  ways  either  towards  or. from  the  saw  or 
saws. 

Each  circular  saw  is  adjusted  upon  a  qrlindrical  spindle, 
whieh  turns  within  rodings ;  the  motion  being  communicated 
by  means  of  a  strap  or  hand  turning  about  a  proper  drum- 
wheel,  and  moved  by  any  of  the  usual  actuating  powers,  as 
wind,  water,  steam,  animals,  &c.  The  piece  of  timber  being 
|]^ced  upon  a  drag  or  carriage,  is  held  fast  by  means  of  clamps; 
and  the  carriage  is  moved  towards  and  from  the  saw  by  a  handle 
or  crank  communicating,  by  the  assistance  of  cop  wheels,  to  a 
pinion  which  engages  in  a  horizontal  rack  ranning  under  the 
fnM90  of  t^  carriaffe.  Tbis  carriage  is  furnished  with  rollers 
4ervu|g  to  ease  its  longitudinal  motion,  and  is  intended  to  be 
moved  by  hand>  so  that  its  velocity  may  be  varied  at  pleasure : 
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iie  Imtglb  of  Umb  cartuge  mmt  olmoiMly  be  propon^ottite  to 
die  me  of  the  thnber  gettertUy  cut  bjr  the  wttw. 

After  the  saw  hat  perfomed  one  cut,  nstead  of  aMmog  the 
timber,  the  saw  kseif  is  mofedl  sidewisey  that  is,  in  the  diracOioD 
of  its  axle,  by  means  of  serews,  after  a  meAod  which  may  he 
easily  conceived,  tiH  it  is  brought  to  the  ptoper  position  for  die 
next  cut ;  when  an  adjusting  or  fixing  scsew  piements  any  hrtnai 
Hioticwiy  and  the  ro^uy  motion  of  me  saw,  and  the  rectiliBear 
motion  of  the  wood,  may  be  resamed. 

Circular  wedges  are  used,  bong  intended  to  revoke  by  the 
motion  of  the  log  to  folljow  the  cut  opifned  by  the  saw,  and  h^ 
that  means  to  ease  the  friction,  and  sleady  the  piece  of  liailMr. 
Sometimes  an  instrument  composed  of  s^eral  pariUd  platcaof 
metal  may  be  employed  instead  of  die  eiroalar  wedges.l 

When  seveml  saws  are  adjusted  on  one  spindle,  a  piece  of 
timber  may  be  coaTCFlcd  into  planks  by  being  drawn  once 
dirongh  under  the  saws.  In  that  «ase  the  flaoches  of  ifae  aaws 
are  fixed  upon' an  iron  dram,  and  kq^tdnnhr  in  their  i«iatave 
parallel  positions  by  four  h^tB.  In  order  to  lower  the  aawa  as 
they  wear  away,  die  side  rails  sustaimng  their  axles  may  be  de- 
pressed by  means  of  wedges.  The  log  of  wood  is  not  %o  he 
close  upon  the  carriage  or  drag,  bat  upon  soase  tiaaevene 
pieces,  which  may  be  moved  if  reqinsite  when  di^  comeaetr 
the  saw. 

Some  very  complete  and  extensive  aaw-BnUs  have  been  re- 
cently erected  by  Mr.  Brunei,  in  the  Carriage  DepartOBent  of 
the  Royal  Arsenal,  Woolwich,  miAer  the  saperintendaiice  of 
Maior  General  Cuppage  and  Colonel  Miller. 

Among  the  numerous  purposes  for  which  saws  are  employed, 
is  that  of  catting  off  «he  tops  of  piles.  When  dieee  are  lidew 
water,  some  additional  mechanism  is  neeessary  to  caaae  the 
saws  to  work  in  a  horizont^  plane  at  a  suitable  depth.  INf*- 
ferent  coptrirances  for  this  purpose,  with  illustrative  engravmgi, 
0se  described  by  M.  Haeh^tte,  Trmie  de9  JUTnMf  iM,p.d5S"-^5. 

SCAPEMENT,  from  the  French  wordsrAopp^msiil,  aisna 
used  among  clock  and  watch-makers,  to  denote  die  geaeasi 
contrivance  by  which  the  pressure  of  the  wheels^  wMch-aMive 
always  in  one  tlireedon,  and  the  reciprocatiag  motion  of  the 
Aentii)l(im  or  balance,  are  accommodii^ed  the  e«ie  to  die  other. 
When  a  toot li  of  a  wheel  has  given  the  baiaooe  or  peodiUaai  a 
motion  in  oue  dii^ection,  it  must  quit  dc,  diet  it  amy  get  an  im* 
pulsion  in  the  opposite  direction;  and  it  is  this^ssopsn^'of  Ike 
tooth  of  the  wheel  from  the  balance  or  pendulum,  or  of  die 
latter  from  the  former,  whichever  we  jdease  to  tM  k,  that-hai 
given  rise  to  the  general  term. 
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From  the  nature  of  a  pendulum^  it  follows,  that  it  need  only 
to  be  removed  from  the  vertical,  and  then  let  go,  in  order  to 
vibrate  and  measure  time.  Hence  it  might  seem  that  nothing 
is  wanted  but  a  machinery  so  connected  with  the  pendulum  as 
to  keep  a  register,  as  it  were,  of  the  vibration.  It  could  not  be 
difficult  to  contrive  a  method  of  doing  this ;  but  more  is  wanted : 
the  air  must  be  displaced  by  the  pendulum.  This  requires 
some  force,  and  must  therefore  employ  some  part  of  the  mo- 
mentum of  the  pendulum.  The  pivot  on  which  it  swings  occa- 
sions friction — the  thread,  or  thin  piece  of  metal  by  which  it  is 
hung,  in  order  to  avoid  this  friction,  occasions  some  expenditure 
of  force  by  its  want  of  perfect  flexibility  or  elasticity.  These, 
Bud  other  causes,  make  the  vibrations  become  more  and  more 
narrow  by  degrees,  till  at  last  the  pendulum  is  brought  to  rest. 
We  must,  of  course,  have  a  contrivance  in  the  wheelwork  which 
will  restore  to  the  pendulum  the  small  portion  of  force  which 
it  loses  in  every  vibration.  The  action  of  the  wheels  therefore 
may  be  called  a  maintaining  power ^  because  it  keeps  up  the  vi- 
l)rations.  But  this  may  affect  the  regularity  of  vibration.  If  it 
be  supposed  that  the  action  of  gravity  renders  all  the  vibrations 
isochronous,  we  must  grant  that  the  additional  impulsion  by 
the  wheels  will  destroy  that  isochronism^  unless  it  be  so  applied 
dbat  the  sum  total  of  this  impulsion  and  the  force  of  gravi^  may 
vary  so  with  the  situation  of  the  pendulum  as  still  to  give  a 
series  of  forces,  or  a  law  of  variation,  perfectly  similar  to  that 
of  gravity.  This  cannot  be  effected,  unless  we  know  both  the 
Jaw  which  regulates  the  action  of  gravity,  producing  isochronism 
of  vibration,  and  the  intensity  of  the  force  to  be  derived  from 
•die  wheels  in  every  situation,  of  the  |>endulum. 

Thus  it  appears  that  cousiderable  scientific  skill  as  well  as 
mechaiiical  ingenuity  may  be  displayed  in  the  construction  of 
scapements ;  and  the  judicious  consideration  of  them  becomes 
of  great  importance  to  the  artist :  yet,  notwithstanding  this,  no 
material  improvement  was  made  in  them  from  the  first  appli- 
catioB  of  the  pendulum  to  clocks  till  the  days  of  Mr.  George 
Graham;  nothing  more  was  attempted  before^iis  time  dian  to 
a{q)ly  the  impalte  of  the  swing-wheel,  in  such  manner  as  was 
attended  with  the  least  friction,  and  would  give  the  greatest 
Ok^tion  to  the  pendulum.  Dr.  Halley  discovered,  by  some 
experiments  made  at  the  Royal  Observatory  at  Greenwich, 
that  by  adding  more  weight  to  the  pendulum  it  was  made  to 
vibrate  larger  arcs,  and  the  clock  went  faster ;  by  diminishing 
the  weight  of  die  pendulum,  the  vibradons  became  shorter,  and 
the  clock  went  dower ;  the  Yesult  of  these  experiitoents  being 
diametrically  opposite  to  what  oof^  to  be  expected  from  the 
theory  of  the  pendulum,  probably  first  roused  the  attention  of 
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Mr.  Grahaniy  who  was  not  6nly  skilful  in  practice,  but  had 
much  mathematical   knowledge,  and  was   well  qualified   to 
examine  the  subject  scientifically :  he  soon  made  such  fti^her 
trials  as  convinced  him,  that  this  seeming  paradox  was  occa- 
sioned by  the  retrograde  motion,  which  was  given  to  the  swing- 
wheel  by  every  construction  of  scapement  that  was  at  that  time 
in  use ;  and  his  great  sagacity  soon  produced  a  remedy  for  tfau 
defect,  by  constructing  a  scapement  which  prevented  all  recoil 
of  the  wheels,  and  restored  to  the  clock  pendulum,  wholly  in 
theory,  and  nearly  in  practice,  all  its  natural  properties  in  its 
detached  simple  state.     This  scapement,  with  a  few  others  of 
the  most  approved  construction,  will  now  be  briefly  described. 
1.  The  scapement  which  has  been  in  use  for  clocks  and 
watches  ever  smce  their  first  appearance  in  Europe  is  extremely 
simple ;  and  its  mode  of  operation  is  too  obvious  to  need  much 
explanation.     In  fig.  1.  pi.  XXIX.  xy  represents  a  horizontal 
axis,  to  which  the  pendulum  p  is  attached  by  a  slender  rod,  or 
otherwise.     This  axis  has  two  leaves  c  and  d  attached,  one 
near  each  end,  and  not  in  the  same  plane,  but  so  that  when  the 
pendulum  hangs  perpendicularly,  and  at  rest,  the  piece  c  in- 
clines a  few  degrees  to  the  right  hand,  and  d  as  much  to  the 
left.     They  commonly  make  an  angle  of  from  70  to  90  de- 
grees :  they  are  called  by  the  name  of  pallets,     afb  represents 
a  wheel  turning  round  on  a  perpendicular  axis  eo,  in  the  order 
of  the  letters  afeb.     The  teeth  of  this  wheel  are  cut  into  the 
form  of  the  teeth  of  a  saw,  leaning  forward,  in  the  direction  of 
the  motion  of  the  rim.     As  they  somewhat  resemble  the  points 
of  an  old-fashioned  royal  diadem,  this  wheel  has  got  the  name 
of  the  crown-wheel.     In  watches  it  is  often  called  the  balance- 
wheel.    The  number  of  the  teeth  is  generally  odd ;  so  that  when 
one  of  them  b  is  pressing  on  a  pallet  d,  the  opposite  pallet  c  is 
in  the  space  between  two  teeth  a  and  i.     llie  figure  represents 
the  pendulum  at  the  extremity  of  its  excursion  to  tbe  right 
hand,  the  tooth  a  having  just  escaped  from  the  pallet  c,  and  the 
tooth  B  having  just  dropped  on  the  pallet  d.    It  is  plain,  that  as 
tlie  pendulum  now  moves  over  to  the  left,  in  the  arch  po,  the 
tooth  B  continues  to  press  on  the  pallet  d,  and  thus  accelerates 
the  pendulum,  both  during  its  descent  along  the  arch  ph,  and 
its  ascent  along  the  arch  hg.     It  is  no  less  evident,  that  when 
the  pallet  d,  by  turning  round  the  axis  xY,  raises  its  point  above 
the  plane  of  the  wheel,  the  tooth  b  escapes  from  it,  and  i  drops 
on  the  pallet  c,  which  is  now  nearly  perpendicular,     i  presses 
a  to  the  right,  and  accelerates  the  motion  of  the  pendulum 
along  the  arch  gp.     Nothing  can  be  more  obvious  than  this 
action  of  the  wheel  in  maintaining  the  vibrations  of  the  pendu- 
lum.    We  can  easily  perceive,  also,  that  when  the  pendulum  is 
hanging  perpendicularly  in  the  line  xh,  the  tooth  b,  by  press- 
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ing  ou  die  pallet  d,  will  force  the  pendulum  a  little  way  to  the 
left  of  the  perpendicular,  and  will  force  it  so  much  the  further 
as  th^  pendulum  is  lighter;  and,  if  it  be  sufficiently  light,  it  will 
be  forced  so  far  from  the  perpendicular  that  the  tooth  b  will 
escape,  and  then  i  will  catch  on  c,  and  force  the  pendulum 
back  to  p,  where  the  whole  operation  will  be  repeated.  The 
same  effect  will  be  produced  in  a  more  remarkable  degree,  if 
the  rod  of  the  pendulum  be  continued  through  the  axis  xr, 
and  a  ball  Q  put  on  the  other  end  to  balance  p.  And,  indeed, 
this  is  the  contrivance  which  was  first  applied  to  clocks  all  over 
Europe,  before  the  application  of  the  pendulum.  They  were 
balance  clocks.  The  force  of  the  wheel  was  of  a  certain  mag- 
nitude, and  therefore  able,  during  its  action  on  a  pallet,  to  com- 
municate a  certain  quantity  of  motion  and  velocity  to  the  balls 
of  the  balance.  When  the  tooth  B  escapes  from  the  pallet  D, 
the  balls  are  then  moving  with  a  certain  velocity  and  momentum. 
In  this  condition,  the  balance  is  checked  by  the  tooth  i  catching 
on  the  pallet  c.  But  it  is  uot  instantly  stopped.  It  continueB 
its  motion  a  little  to  the  left,  and  the  pallet  c  forces  the  tooth  i 
a  little  backward.  But  it  cannot  force  it  so  far  as  to  escape 
over  the  top  of  the  tooth  i ;  because  all  the  momentum  of  the 
balance  was  generated  by  the  force  of  the  tooth  b;  and  the 
tooth  I  is  equally  powerful.  Besides,  when  i  catches  on  c, 
and  c  continues  its  motion  to  the  left,  its  lower  point  applies  to 
the  face  of  the  tooth  i,  which  now  acts  on  the  balance  by  a 
long  and  powerful  lever,  and  soon  stops  its  further  motion  in 
that  direction;  and  now,  continuing  to  press  on  c,  it  urges  the 
balance  in  the  opposite  direction.  Thus  we  see  that  in  a 
scaperaent  of  this  kind  the  motion  of  the  wheel  must  be  very 
hobbling  and  unequal,  making  a  great  step  forward,  and  a  short 
step  backward,  at  every  beat.  This  has  occasioned  the  con- 
trivance to  get  the  name  of  the  recoiling  scapemenl,  or  tlie 
scapement  oj  recoil. 

In  this  scapement  the  vibrations  are  quicker  than  if  the  balance 
or  pendulum  vibrated  freely :  for  the  recoil  shortens  the  ascend- 
ing part  of  the  vibration,  by  contracting  the  extent  of  the  arc, 
and  the  re-action  of  the  wheel  accelerates  the  descending  part  of 
the  vibration.  In  this  scapement,  too,  if  the  maintaining  power 
be  increased,  the  vibration  will  be  performed  in  larger  arcs,  but 
in  less  time  :  because  the  greater  pressure  of  the  crown-wheel 
on  the  pallet  will  cause  the  balance  to  vibrate  through  larger 
arches ;  and  the  time  will  be  less  increased  on  this  account  tlian 
it  will  be  diminished  by  the  acceleration  that  pressure  gives  to 
the  balance  and  the  diminution  of  the  time  of  recoil. 

2.  The  preceding  scapement  not  being  well  adapted  to  such 
vibrations  as  are  performed  through  arcs  of  a  few  degrees  only, 
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another  constructioQ  has  been  made  which  has  been  in  constant 
use  for  about  a  century  in  clocks,  with  a  long  pendulum  beating 
seconds.  In  fig.  2.  ab  represents  a  vertical  wheel  called  the 
swing-wheel,  having  thirty  teeth,  cp  represents  a  pair  of  pallets 
connected  together,  and  moveable  in  conjunction  with  the  pen- 
dulum on  the  centre  or  axis  f.  One  tooth  of  the  wheel,  as 
shewn  in  the  figure,  rests  on  the  inclined  surface  of  the  inner 
part  of  the  pallet  c;  on  which  its  disposition  to  slide  tends  to 
throw  the  point  of  the  pallet  further  from  the  centre  of  the 
wheel,  and  consequently  assists  the  vibration  in  that  direction. 
While  the  pallet  c  moves  outwards  and  the  wheel  advances, 
Ae  point  of  Ae  pallet  d  of  course  approaches  towards  the 
centre  in  the  opening  between  the  two  nearest  teeth;  and  when 
the  acting  tooth  of  the  wheel  slips  oflF,  or  escapes  from  the 
pallet  c,  another  tooth  on  the  opposite  side  immediately  falls  on 
the  exterior  inclined  face  of  i>,  and  by  a  simihtr  operation  tends 
to  push  that  pallet  from  the  centre.  The  returning  vibration  is 
thus  assisted  by  the  wheel,  while  the  pallet  c  moves  towards  the 
centre,  and  receives  the  succeeding  tooth  of  die  wheel,  after 
Che  escape  firom  the  point  of  d.  Thus  may  the  akemation  be 
conceived  to  go  on  without  limit. 

In  this  scapement,  as  well  as  the  former,  the  vibrating  part  is 
constantly  underlie  influence  of  the  maintaining  power,  except 
during  the  interval  of  the  drop,  or  actual  escape  of  die  whra 
from  one  pallet  to  the  other.  One  principal  recoinmendatioii 
of  this  scapement  seems  to  have  been  die  facility  with  which  it 
affords  an  mdex  for  seconds  in  die  face  of  the  clock.  Though 
the  pendulum,  accordii^  to  this  construction,  is  constantly  con- 
nected vrith  the  maintaining  power  in  a  clock,  yet  die  variations 
of  diat  power  have  not  the  same  mischievous  effect  as  in  a 
watch,  because  the  momentum  of  the  pendulum,  compared 
with  the  impulse  of  the  maintaimng  power,  is  prodigiondy 
greater  in  the  former  of  these  instruments.  A  very  consider- 
able change  in  the  maintaining  power  of  a  clock  with  a  loi^  pen- 
dulum wm  only  cause  a  variation  of  a  few  seconds  in  the  daily 
rate. 

3.  Mr.  Graham's  scapenxent,  already  spoken  of,  was  a  cons* 
derable  improvement  upon  that  just  described.  He  took  off 
part  of  the  slope  furthest  from  the  points  of  the  pallets;  and 
mstead  of  that  part  he  formed  a  circular  or  cylindrical  face,  having 
its  axis  in  the^^entre  of  motion.  Pallets  of  this  kind  are  shewn 
at  the  lower  part  of  fig.  2.  at  e  and  g,  having  h  for  dieir  centre 
or  axis.  A  tooth  of  the  wheel  is  seen  resting  upon  the  circular 
inner  surface  of  the  pallet  g,  which  therefore  is  not  affected  by 
the  wheel,  excepting  so  for  as  its  motion,  arising  from  any  other 
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cause,  may  be  affected  by  the  friction  of  the  tooth;  and  this 
resistance  is  exceedingly  minute,  not  amounting  to  one-eighth  of 
the  pressure  on  the  arch.  Nay,  we  think  it  appears  irom  the 
experiments  of  Couiomb,  that,  in  the  case  of  such  minute  pres- 
sure on  a  surface  covered  with  oil,  there  is  no  sensible  retarda^ 
tion  analogous  to  that  produced  by  friction,  and  that  what  retard- 
ation  we  observe  arises  entirely  from  the  clamminess  of  the  oiL 
If  the  vibration  of  the  pendulum  be  supposed  to  carry  o  out- 
wards, the  slope  surface  will  be  brought  to  the  point  of  the 
tooth,  which  will  slide  along  it,  and  urge  the  pallet  outwards 
during  this  sliding  action.  When  the  tooth  has  fallen  from  the 
point  of  this  pallet,  an  opposite  tooth  will  be  received  on  the 
circular  surface  of  £,  and  will  not  affect  the  variation,  except- 
ing when  the  slope  surface  of  e  is  carried  out  so  as  to  suffer  Uie 
toodi  to  slide  along  it  This  contrivance  is  known  by  the  name 
of  the  dead  beat^  the  dead  scapement;  because  the  seconds  index 
stands  still  after  each  drop,  whereas  the  index  of  a  clock  with  a  . 
recoiling  scapement  b  always  in  motion,  hobbling  backward 
and  forward. 

In  this  scapement,  an  increase  of  the  maintaining  power 
renders  the  vibrations  larger  and  slower:  bebause  the  greater 
pressure  of  the  tooth  on  the  ed^e  of  the  pallet  tlirows  it  round 
through  a  greater  arch;  and  its  mcreased  pressure  on  both  sur- 
faces of  the  pallet  retards  its  motion. 

4.  The  effect  of  the  scapement  which  has  been  called 
horizontal,  because  the  last  wheel  in  watches  of  this  construc- 
tion has.  its  plane  parallel  to  the  rest  of  the  system,  is  similar  to 
that  of  the  dead-beat  scapement  of  Graham.  In  fig.  5,  the 
horizontal  wheel  is  seen  with  twelve  teeth,  upon  each  of  which 
is  fixed  a  small  wedge  supported  above  the  plane  of  the  wheel, 
as  may  be  seen  at  the  letters  A  and  b.  On  the  verge  of  the 
balance  diere  is  fixed  part  of  a  hollow  cylinder  of  steel  or  other 
hard  material,  the  imaginary  axis  of  which  passes  through  the 
pivots  of  the  verge.  '  c  represents  this  cylindrical  piece,  into 
which  the  verge  d  may  be  supposed  to  have  fallen.  While  the 
vibration  causes  the  cylindrical  piece  to  revolve  in  the  direction 
which  carries  its  anterior  edge  towards  the  axis  of  the  wheel,  the 
point  of  the  wedge  will  merely  rub  the  internal  surface,  and  no 
otherwise  affect  die  vibration  of  the  balance  than  by  retarding 
its  motion.  But  when  the  return  of  the  vibration  clears  the 
cylinder  of  the  point  of  the  wedge  n,  the  wheel  will  advance, 
and  the  slope  surface  of  the  wedge  acting  against  the  edge  of 
the  cylinder  will  assist  the  vibration  of  the  balance.  When  the 
edge  of  the  cylinder  arrives  at  the  outer  point  of  the  wedge  d, 
its  posterior  edge  must  arrive  at  the  position  denoted  by  the 
dotted  lines  of  contiuuatiou;  immediately  after  which  the  wedge 
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.or  tooth  E  will  arrive  at  the  position  e,  and  rest  on  the  outer 
surface  of  the  cylinder,  where  it  will  produce  no  other  effect 
tlian  that  of  retardation  from  friction,  as  was  remarked  with  re- 
gard to  the  wedge  d,  until  the  course  of  tlie  vibration  shall 
bring  the  posterior  edge  of  the  cylinder  clear  of  tlie  point  of  the 
wedge.  In  this  last  situation,  the  wedge  will  act  on  the  edge 
of  the  cylinder,  and  assist  the  vibration,  as  in  the  former  case, 
until  that  edge  shall  arrive  at  the  outer  or  posterior  point  of  the 
wedge ;  immediately  after  which  the  leading  point  will  fall  on 
the  niner  surface  of  the  cylinder  in  the  first  position,  as  was 
shewn  in  the  wedge  d. 

Horizontal  watches  were  greatly  esteemed  during  the  last 
tliirty  years,  until  lately,  when  they  gave  place  to  those  con- 
structions which  are  known  by  the  name  of  detached  or  free 
scapements.  In  the  common  scapenient,  fig.  1,  an  increase  of 
the  maintaining  power  increases  the  recoil,  and  accelerates  the 
vibrations :  but  with  the  horizontal  scapement  there  is  no  recoil; 
and  an  increase  of  the  maintaining  power,  though  it  may  en- 
large the  arc  of  vibration,  will  not  necessarily -diminish  or  alter 
the  time.  It  is  accordingly  found,  that  the  experiment  of 
altering  the  maintaining  power  by  the  application  of  the  key 
does  not  alter  the  rate  in  the  same  perceptible  manner  as  in 
common  watches. 

5.  Fig.  6,  represents  the  free  scapement  of  our  best  portable 
time-pieces.  Fig.  4,  exhibits  the  scapement  on  a  large  scale. 
On  Ae  verge  of  thje  balance  is  fixed  a  circular  piece  of  sap- 
phire, or  of  hard  steely  el,  out  of  which  a  sectoral  piece  is  cut. 
II G  is  a  straight  spring  fixed  near  its  extremity  h,  and  having  at 
the  other  extremity  a  pin  g,  against  which  one  of  the  teeth  of  the 
wheel  D  rests  when  the  train  is  at  rest.  This  spring  has  a  slight 
tendency  towards  the  centre  of  the  wheel,  but  is  prevented  by 
the  stop  K  from  throwing  the  pin  further  inwards  than  just  to  re- 
ceive the  point  of  the  tooth,  i  is  a  very  slender  spring  fixed  at 
the  end  l,  and  pressing  very  slightly  against  the  pin  g,  in  a  di- 
rectioji  tending  to  throw  it  from  die  wheel  d,  but  which  on  ac- 
count of  the  greater  power  of  hg  it  cannot  efl'ect.  It  may  be 
observed  that  the  spring  i  proceeds  a  little  beyond  the  pin  G. — 
F  is  a  lever  proceeding  from  the  verge  of  the  balance  directly 
opposite  the  end  of  the  spring  i,  and  long  enough  to  strike  it  in 
its  vibration.  The  action  is  as  follows : — From  the  pressure  of 
the  main  spring  the  wheel  (fig.  4.)  is  urged  from  d  towards  f, 
but  is  prevented  from  moving  by  the  pin  g.  Let  the  balance 
be  made  to  vibrate,  and  the  lever  f  will  move  through  the  arc 
f/,  strike  the  inner  extremity  of  the  spring  i,  and  displace  tbe 

f>in  G.    At  this  instant  the  face  e,  which  may  be  called  the  paK 
et^  will  have  arrived  at  the  position  e,  against  which  the  tQOtb 
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of  the  Mrheel  will  fall,  and  communicate  its  impulse  through 
about  15^  or  I G""  of  the  vibration.  But  f  quits  the  spring  i 
soooer  than  the  wheel  quits  the  pallet  £,  and  consequently  the 
pin  G  will  have  returned  to  its  first  station  before  the  wheel  can 
have  advanced  a  whole  tooth,  and  the  spring  or  detent  hg  will 
receive  the  wheel  as  before,  immediately  after  its  escape  from 
the  pallet  The  returning  vibration  of  the  balance  will  be 
made  with  the  piece  el  perfectly  at  liberty  between  two  teeth 
of  the  wheel,  as  in  the  sketch,  and  the  back  stroke  of  the  lever 
F  against  the  tender  spring  i  will  have  no  effect  whatever  on  the 
pin  G ;  this  spring  being  like  the  ba<:k  spring  of  the  jacks  of  the 
harpsichord,  active  in  one  direclion  only.  The  third  vibration 
of  the  balance  will  unlock  the  detent  as  before ;  the  impulse 
will  again  be  given,  and  the  whole  process  will  be  repeated : 
|ind  in  this  manner,  the  balance,  though  it  may  vibrate  through 
the  greatest  part  of  the  entire  circle,  will  be  entirely  free  of  the 
works,  except  during  the  very  small^  time  of  the  drop  of  the 
wheel. 

It  is  hardly  necessary  to  make  any  remark  on  this  scapement. 
It  requires  httle  or  bo  oil ;  and  when  all  the  parts,  particularly 
the  pendulum  spring,  are  duly  adjusted,  it  is  found  that  a  very 
great  variation  in  the  first  mover  will  remarkably  alter  the  arc  of 
vibration  without  affecting  the  rate.  The  piece  el  might  have 
consisted  of  a  single  pallet  or  arm,  instead  of  a  portion  of  a 
circle  or  cylinder ;  but  such  a  piece  would  have  been  rather 
less  convenient  to  make  in  sapphire,  or  ruby,  as  in  the  best 
.time-pieces,  and  would  also  have  been  less  useful.  For  if  by 
any  accident  or  shock,  the  pin  g  should  be. displaced  for  an  in- 
stant, the  wheel  d  will  not  run  down,  because  it  will  be  caught 
upon  the  circular  surface  of  el.  It  is  indeed  very  easy  to  ob- 
serve, that  the  piece  bl  would  operate  without  the  detent, 
though  with  much  friction  during  the  time  of  repose.  The 
tooth  of  the  wheel  would  in  that  case  rest  upon  its  circular 
face. 

6*  In  the  two  last  scapements  we  have  seen  the  variable  ef- 
fects of  the  maintaining  power  almost  entirely  removed,  as  far 
as  can  be  practically  discerned.  Fig.  7,  exhibits  the  scape- 
ment  of  Mudge;  in  which  the  balance  is  perfectly  detached 
from  the  train  of  wheels,  except  during  the  extremely  short  in- 
terval of  striking  out  the  parts  which  serve  the  purpose  of  de- 
tents. oNEBQ  is  the  circumference  of  the  balance,  vibrating 
by  the  action  of  a  spiral  spring  as  usual  on  its  axis  CA  du  pass- 
jne  through  the  centre  c :  the  axis  is  bent  into  a  crank,  ax  yd, 
to  make  room  for  the  other  work,  lm,  zw,  are  t\vo  rods 
fixed  to  the  crank  at  th^  points  l  and  z,  parallel  to  xy. 
X  d  efr  4  are  fixed  parts  of  the  machine,     tr  is  an  axis  coor 
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centric  witfi  that  of  the  balance,  and  carrying  an  arm  GO  near^ 
\y  at  right  angles  to  it,  and  a  small  auxiliary  spring  u,  whidi  is 
wound  up  whenever  die  arm  go  is  moved  in  the  direction  at; 
p  is  a  curved  pallet  fixed  to  the  axis  tk,  which  receives  the 
tooth  of  the  balance  wheel  near  the  axis.  The  tooth,  pio- 
ceedmg  along  the  curved-  surface,  by  the  force  of  the  mam 
^  spring  turns  the  axis  and  its  arm  go,  and  winds  up  the  spring 
ti.  A  small  projection  at  the  extremity  of  the  curved  surface 
of  the  pallet  p  prevents  the  further  progress  of  the  tooth,  when 
the  arm  og  has  been  turned  through  an  arc  oh,  of  about  fTI^ ; 
and  consequently  the  spring  u  has  been  woUbd  up  through  tbe 

same  angle  or  arc,  ooA  =:  27\ fs  is  anotlier  axis  exactly 

similar  to  tr.  It  carries  its  ami  10,  and  spring  r,  and  tbe 
tooth  of  tlie  balance-wheel  Im  winds  up  the  spring  v,  by  act- 
ing on  the  pallet  q,  and  is  detained  by  a  projection,  after  havii^ 
carried  it  through  an  angle  of  21*,  exactly  as  in  the  former  case. 
The  arcs  passed  through  by  the  arms  go  and  10,  and  marired 
in  the  figure,  are  also  denoted  by  the  same  letters  on  the  rim 
of  the  balance. 

The  effect  of  this  scapement  may  be  thus  explained  :  let  tbe 
balance  be  in  the  quiescent  state,  the  main  spring  being  on- 
wound,  and  the  branch  or  crank  in  the  position  represented  in 
the  figure.  If  the  quiescent  points  of  the  auxiliary  springs 
coincide  with  that  of  the  balance-spring,  the  arm  go  will  just 
touch  the  rod  lm,  and  in  like  manner  the  arm  10  will  just 
touch  the  rod  wz  ;  the  two  arms  go  and  10  in  this  position  are 
parallel  to  the  line  co.  This  position  of  the  balance  and  aux- 
iliary springs  remains  as  long  as  the  main  spring  of  the  ma- 
chine continues  unwound ;  but  whenever  the  action  of  die 
main  spring  sets  the  balance-wheel  in  motion,  a  tooth  thereof 
meeting  with  one  or  other  of  the  pallets  p  or  q,  will  wind  op 
one  of  the  auxiliary  springs :  suppose  it  should  be  the  spring  a. 
The  arm  go  being  carried  into  the  position  oh,  by  the  force  of 
the  balance-wheel  acting  on  the  pallet  p,  remains  in  that  position 
as  long  as  the  tooth  of  the  balance-wheel  continues  locked  by 
the  projection  at  the  extremity  of  the  pallet  ;> ;  and  the  balance 
itself  not  being  at  all  affected  b^  the  motion  of  the  arm  Co,  nor 
by  the  vrinding  up  of  the  spnng  u,  remains  in  its  qoiesoent 
position :  consequently  no  vibration  can  take  place,  except  by . 
the  assistance  of  some  external  force  to  set  the  balance  in  mo- 
tion. Suppose  an  impulse  to  be  given  sufficient  to  cany  It 
through  the  semi-arc  ob,  which  is  about  135*  in  Mr.  Modge's 
construction. 

The  balance,  during  this  motion,  carries  with  it  Ac  crank 
AXYB,  and  the  affixed  rods  lm.  xw.  When  the  baianeehis 
described  an  angle  of  about  «7°=  the  angle  och,  or  ooh,  tbe 
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rcKl  LH  meets  with  the  am  oh,  and  by  turning  the  axis  Tit, 
and  the  pallet  p  in  the  direction  of  the  arc  oh,  releases  the 
tooth  of  the  bsuance-wheel  from  the  projection  at  the  extr^ 
mtty  of  the  pallet  p:  the  balance-wheel  immediately  revolves, 
and  the  lower  tooth  meeting  with  the  pallet  y>  winds  up  the 
auxiliary  spring  Vy  and  carries  the  arm  lo  with  a  circular  motion 
through  the  ai^le  oiky  about  ^T,  in  which  position  the  arm  lo 
remains  as  long  as  the  tooth  of  the  balauce-wheel  is  locked  by 
the  pallet  a.  While  the  spring  v  is  winding  up  through  the  arc 
oky  the  balaoce  describes  the  remaining  part  of  the  semi-arc  Hb, 
and  during  this  motion  the  rod  lm  cames  xound  the  arm  oh, 
causing  it  to  describe  an  angle  Acs,  or  Agb,  which  is  measured 
by  the  arc  Ab=108^  When  the  balance  has  arrived  at  the 
extremity  of  the  semi-arc  ob=1S5%  the  auxiliary  spring  u  will 
have  been  wound  up  through  the  same  angle  of  130^,  that  is  \» 
say,  2Ty  by  the  force  of  the  main-spring  acting  on  the  pallet p, 
and  108^  by  the  balance  itself,  carrying  along  with  it  At  arm 
Qo,  or  oh,  while  it  describes  the  arc  Ab.  The  balance  diere^ 
fore  returns  through  the  arc  bo,  by  the  joint  action  of  the 
balance-spring  and  the  auxiliary  spring  u ;  the  acceleration  of 
both  springs  ceasing  the  instant  the  balance  arrives  at  the  quies- 
cent point  0.  When  the  balance  has  proceeded  in  its  vibration 
about  2T  beycHid  the  point  o,  to  the  position  ck,  the  rod  zw 
meets  with  the  arm  lA,  and  by  carrying  it  forward  releases  the 
tooth  of  the  balance-wheel  from  the  pallet  q.  The  balance- 
wheel  accordingly  revolves,  and  die  upper  tooth  meeting  willi 
the  pallet  p  winds  up  the  auxiliary  spring  u  as  before*  The 
bamnce  with  the  crank  proceeding  to  describe  the  remainmg 
semi-arc  ^e,  winds  up  the  spring  v  through  die  further  ai^le 
l;cE=108%  and  returns  through  the  semi-arc  eo,  by  the  joint 
action  of  the  balance-spring  luod  die  auxilfoa^  spring  v,  both  of 
which  cease  to  accelerate  Ae  balance  the  instant  it  has  arrived 
at  o. 

It  may  be  remarked,  in  this  curious  scapement,  that  the 
motion  of  the  balance  in  its  semi-vibration  from  the  point  of 
i{uieacence  is  opposed  throueh  an  arc  of  no  more  than  108%  but 
18  accelerated  in  its  return  through  the  whole  arc  of  135",  and 
that  the  difference  is  what  maintains  the  vibrations;  and  more- 
over, that  the  force  from  the  wheel  being  exerted  to  wind  up 
each  auxiliary' spring  durmg  the  time  it  is  totally  disengaged 
from  the  balance,  this  last  organ  cannot  be  effected  by  its  irre- 
gularities, except  so  far  as  they  may  render  it  more  diflkult  to 
disengage  the  run  of  the  pallet  from  the  tooth.  The  balance 
descnb^  an  arc  of  about  8"  during  this  disengagement. 

Count  Bruhl,  in  his  pamphlet  *'  On  the  InvestigaUon  of 
Astronomical  Circles^"  after  describing  Mudge's  scapement. 
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proceeds  thus :  ^'  By  what  has  been  sud,  it  is  evident,  that 
whatever  inequality  diere  may  be  in  the  power  derived  from  the 
main-spring  (provided  the  latter  be  sufficient  to  wind  up  those 
little  pallet-springs),  it  can  never  interfere  with  the  regularity  of 
the  balance's  motion,  but  at  the  instant  of  unlocking  ^e  pallets, 
which  is  so  instantaneous  an  operation,  and  the  resistance  so 
exceedingly  small,  that  it  cannot  possibly  amount  to  any 
sensible  error.  The  removal  of  this  great  obstacle  was  cer- 
tainly never  so  effectually  done  by  any  other  contrivance,  and 
deserves  the  highest  commendation,  as  a  probable  means  to 
perfect  a  portable  machine  that  will  measure  time  correctly. 
But  this  is  not  the  only,  nor  indeed  the  principal,  advantage 
which  thi!4  time-keeper  will  possess  over  any  other;  for,  as  it  is 
impossible  to  reduce  friction  to  so  small  a  quantity  as  not  to 
affect  the  motion  of  a  balance,  the  consequence  of  which  is, 
that.it  describes  sometimes  greater  and  sometimes  smaller  arcs, 
it  became  necessary  to  think  of  some  method  by  which  the 
balance  might  be  brought  to  describe  those  different  arcs  in  the 
/  same  time.     If  a  balance  could  be  made  to  vibrate  without 

iiriction  or  resistance  from  the  medium  in  which  it  moves,  the 
"^  mere  expanding  and  contracting  of  the  pendulum-spring  would 

probably  produce  the  so  much  wished  for  effect,  as  its  force  is 
supposed  to  be  proportional  to  the  arcs  described ;  but  as  there 
is  no  machine  void  of  friction,  and  as  from  that  cause,  the  velo- 
city of  every  balance  decreases  more  rapidly  than  the  spaces 
gone  through  decrease,  this  inequality  could  only  be  removed 
by  a  force  acting  on  the  balance,  which  assuming  different  ratios 
in  its  dilferent  stages,  could  counterbalance  that  inequality. 
This  very  material  and  important  remedy,  Mr.  Mudge  has 
effected  by  the  construction  of  his  scapement ;  for  his  pallets 
springs  having  a  fdrce  capable  of  being  increased  almost  at 
pleasure,  at  the  commencement  of  every  vibration,  the  pro- 
portion in  their  different  degrees  of  tension  may  be  altered  till 
it  answers  the  intended  purpose.  This  shews  how  effectually 
Mn  Mudge's  scapement  removes  the  two  greatest  difficulties 
that  have  hitherto  baffled  the  attempts  of  every  other  artist, 
namely,  the  inequalities  of  the  power  derived  from  the  main 
spring,  and  the  irregularities  arising  from  friction,  and  the 
variable  resistance  of  Uie  medium  in  which  the  balance  moves.'' 
7.  Fig.  8,  is  the  sketch  of  an  adaptation  of  Mud^e's  scape- 
ment to  a  clock.  LM  is  a  part  of  the  periphery  of  the  wheel. 
GA,  GB,  are  two  arms  separately  moveable  on  the  same  axis, 
and  terminating  in  the  pallets  a,  b.  ^Fhese  pallets  have  inclined 
faces,  with  a  claw  or  detent  at  the  lower  part  of  each,  go,  lo, 
are  tails  proceeding  from  each  pallet-piece  respectively,  and 
the  dark  spot  at  n  represents  a  pin  proceeding  from  the  pen* 


Digitized  by 


Google 


Mndge*s  Scapements.  363 

dulum  rod,  and  capable  of  moving  either  of  die  tails  according 
to  the  course  of  the  vibration,  llie  dotted  circles  u  and  v 
represent  weights  which  are  stuck  upon  two  pins,  and  may  be 
changed  for  others,  greater  or  smaller,  until  the  most  suitable 
quantity  is  found.  Suppose  the  wheel  to  be  urged  from  l  to- 
wards^ M,  and  the  pendulum  made  to  vibrate  by  ejcternal  impulse. 
The  pin  n  proceeding  towards  l  will  strike  the  tail  go,  raise 
the  pallet  a,  and  set  the  wheel  at  liberty:  which  sliding  along 
the  inner  surface  of  the  pallet  b,  will  raise  it,  and  stop  against 
the  claw  at  its  lower  end.  lowill  consequently  be  carried  into 
the  position  ip;  and  the  pallet  A  in  its  return  will  be  opposite  to 
a  vacancy,  which  will  permit ^he  tail  go  to  follow  the  pin  n  as 
far  as  the  perpendicular  situation.  The  pendulum  will  therefore 
be  assisted  by  the  weight  u  through  a  longer  arc  in  its  descent, 
than  it  was  impeded  by  it  in  its  ascent.  In  the  opposite  semi- 
vibration  toward  m,  the  pendulum  will  proceed  unopposed  by 
Vy  while  it  passes  through  the  angle  oip,  when  it  will  raise  b, 
and  permit  the  wheel  to  elevate  the  pallet  a.  In  the  motion  on 
this  side  of  the  perpendicular,  it  is  also  clear  that  the  descent 
1^11  be  more  assisted  than  the  ascent  was  impeded.  Whence 
it  follows,  that  the  clock  will  continue  to  go :  and  no  variation 
of  the  force  of  the  wheel  lm,  which  raises  the  pallets  in  the 
absence  of  the  pendulum,  will  aftect  the  vibration,  except  so 
far  as  it  may  afford  a  variable  resistance  at  the  detent  or  claw. 

8.  Mr.  Mudge  has  also  given  another  detached  scapement, 
which  he  recommends  for  pocket-watches,  and  executed  en- 
tirely to  his  satisfaction  in  one  made  for  the  queen.  A  dead- 
beat  pendulum  scapement  is  interposed  between  the  wheels  and 
the  balance.  The  crutch  £  dp  (fig.  3.)  has  a  third  arm  do  standing 
outwards  from  the  meeting  of  the  other  two,  and  of  twice  their 
leoffth.  This  arm  terminates  in  a  fork  agb.  The  verge  v  has  a 
pallet  c,  which,  when  all  is  at  rest,  would  stand  between  the 
points  A,  b,  of  the  fork.  But  the  wheel,  by  its  action  on  the 
pallet  E,  forces  the  fork  into  the  position  Bgb,  the  point  A  of 
the  fork  being  now  where  b  was  before,  just  touching  the 
cylindrical  surface  of  the  verge.  The  scapement  of  the  crutch 
BDF  is  not  accurately  a  dead-beat  scapement^  but  has  a  very 
small  recoil  beyond  the  angle  of  impulsion.  By  this  circimi- 
stance  the  branch  A  (now  at  b)  is  made  to  press  most  gently  on 
the  cylinder,  and  keeps  the  wheel  locked,  while  the  balance  is 
going  round  in  the  direction  bha.  The  point  a  gets  a  motion 
from  A  to  b  by  means  of  a  notch  in  the  cylinder,  which  turns 
round  at  the  same  time  by  the  action  of  the  branch  AG  on  the 
pallet  c ;  but  a  does  not  touch  the  cylinder  during  this  nfiotion, 
the  notch  leaving  free  room  for  its  passage.  When  the  balance 
returns  from  its  excursion,  the  pallet  c  strikes  on  the  branch 
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A  (still  at  b),  and  uolocks  die  wheel.  This  now  acting  on  the 
cratch-pallet  F^  causes  the  branch  b  of  the  fork  to  follow  die 
pallet  Cy  and  give  it  a  strong  impulse  in  the  direction  in  which 
it  is  then  moving,  causing  the  balance  to  make  a  seroi-vibratioii 
in  the  direction  ahb.  The  fork  is  now  in  the  situation  Ago, 
similar  to  Bgb,  and  the  wheel  is  again  locked  on  the  crutch- 
pallet  £. 

The  intelligent  reader  will  admit  this  to  be  a  very  steady  and 
effective  scapement.  The  lockage  of  the  wheel  is  procured  is 
a  very  ingenious  manner;  and  the  friction  on  the  cylinder, 
necessary  for  effecting  this,  may  be  made  as  small  as  we  please, 
notwithstanding  a  very  strong  afttion  of  the  wheel:  for  the 
pressure  of  the  fork  on  the  cylinder  depends  entirely  on  the 
degree  of  recoil  that  is  formed  on  the  pallets  e  and  f.  Pressure 
on  the  cylinder  is  not  indispensably  necessary,  and  the  cratch- 
scapement  may  be  a  real  dead-beat  But  a  small  recoil,  by 
keeping  the  fork  in  contact  with  the  cylinder,  gives  the  most 
perfect  steadiness  to  the  motion.  The  ingenious  inventor,  a 
man  of  approved  integrity  and  judgment,  declares  diat  her 
majesty's  watch  was  the  best  pocket-watch  he  had  ever  seen. 
We  are  not  disposed  to  question  its  excellency. 

9.  Another  scapement,  in  which  a  considerable  degree  of 
iqgenuity  is  united  with  comparative  simplicity,  is  that  of  Mr. 
De  Lafons.  The  inventor's  description,  and  some  of  his  ob- 
servations, as  presented  to  the  Society  of  Arts,  are  as  follows: 

'^  Although  the  giving  an  equal  impulse  to  the  balance  has 
been  already  most  ingeniously  done  by  Mr.  Mudge  and  Mr. 
Haley  (from  whose  great  merit  I  would  not  wish  to  detract,) 
yet  tfie  extreme  difficulty  and  expense  attending  the  first,  and 
the  very  compound  locking  of  the  second^  render  them  far  from 
completing  the  desired  object. 

'^  The  perfections  and  advantages  arising  from  my  improve- 
ments on  the  remontoire  detached  scapement  for  chronometers, 
which  gives  a  perfectly  equal  impulse  to  the  balance,  and  not 
only  entirely  removes  whatever  irr^ularities  arise  from  the 
different  states  of  fluidity  in  the  oil,  from  the  train  of  wheels,  or 
from  the  main  spring,  but  does  it  in  a  simpler  way  than  any  with 
which  1  am  acquainted.  I  trast  it  will  not  be  thought  improper 
in  me  to  answer  t>ome  olnections  made  at  the  examinations  before 
the  committee,  as  I  am  rally  persuaded  the  more  mathematically 
and  critically  die  improvements  are  investigated,  the  more  per- 
fect they  will  prove  to  be. 

^'  It  was  first  observed,  that  my  method  did  not  so  completely 
detach  the  train  of  wheels  from  the  balance  as  another  scape- 
ment then  referred  to.  I  beg  leave  to  remark,  diat  the  train  of 
wheels  in  mine  is  prevented  from  pressing  against  the  locking, 
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by  the  whole  power  of  the  remontoire-spring;  so  that  the  balance 
has  only  to  remove  the  small  remaining  pressure,  which  does 
away  that  objection,  and  also  that  of  the  dbadvantage  of  detents, 
as  this  locking  may  be  compared  to  a  light  balance  turning  oii 
fine  pivots,  without  a  pendulum-spring ;  and  has  only  the  advan- 
tage of  banking  safe  at  two  turns  of  the  balance,  and  of  being 
firmer,  and  less  liable  to  be  out  of  repair  than  any  locking  where 
spring-work  is  used,  but  likewise  of  unlocking  with  much  less 
power. — It  was  then  observed,  it  required  more  power  to  make 
It  go  than  usual.  Permit  me  to  say,  it  requires  no  more  power 
than  any  other  remontoire-scapement,  as  the  power  is  applied  in 
the  most  mechanical  manner  sossible. — And,  lastly,  it  was  said, 
that  it  set  or  required  the  balance  to  vibrate  an  unusually  large 
arch  before  the  piece  would  go.  This  depends  on  the  accuracy 
of  the  execution,  the  proportionate  diameter  and  weight  of  the 
balance,  the  strength  of  the  remontoire^pring,  and  Uie  length 
of  the  pallets.  If  these  circuuistances  are  well  attended  to,  it 
will  set  but  little  more  than  the  most  generally  detached  scape- 
ments." 

A,  shews  the  scape-wheel,  pi.  XXIX. 

B,  the  lever-pallet,  on  an  arbor  with  fine  pivots,  hanng  at  the 
lower  end 

c,  the  remontoire  or  spiral-spring  fiied  with  a  collar  and  stud, 
as  pendulum-springs  are. 

D,  the  pallet  of  the  verge,  having  a  roller  turning  in  small 
pivots  for  the  lever-pallet  to  act  against. 

£,  Pallets  to  discharge  the  locking,  with  a  roller  between,  as 
in  fig.  10. 

F,  the  arm  of  the  locking-pallet  continued  at  the  odier  end  to 
'  make  it  poise,  having  studs  and  screws  to  adjust  and  bank  the 

quantity  of  motion. 

a  and  6,  the  locking-pallets,  being  portions  of  circles,  fastened 
on  an  arbor  turning  on  fine  pivots. 

G,  the  triple  fork,  at  the  end  of  the  arm  of  the  locJ^ug 
pallets. 

The  centre  of  the  lever-pallet  in  the  draft,  is  in  a  right  line 
between  the  centre  of  the  scape-wheel  and  the  centre  of  the 
verge,  though  in  the  model  it  is  not :  but  may  be  made  so  or  not, 
as  best  suits  the  calliper,  &c. 

**  The  scape-wheel  a,  with  the  tooth  1,  is  actiug  on  the 
lever-pallet  b,  and  has  wound  up  the  spring  c:  the  verge-pallet 
D  (turning  the  way  represented  by  the  arrow)  the  moment  it 
comes  within  the  reach  of  the  lever  pallet,  the  dischaiging 
pallet  E,  taking  hold  of  one  prong  of  the  fork,  removes  the 
arm  f,  and  relieves  the  tooth  3  from  the  convex  part  of  the 
Jock  a.    The  wheel  goes  forwfurd  a  little,  just  sufficient  to  per- 
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mit  the  lever-pallet  to  pass,  while  the  other  end  gives  the  im- 
pulse to  the  balance :  the  tooth  4  of  the  wheel  is  then  locked  oil 
the  concave  side  of  the  lock  6,  and  the  lever-pallet  is  stopped 
against  the  tooth  5,  as  in  fig.  1 1.     So  far  the  operation  of  giving 
the  impulse,  in  order  again  to  wind  the  remontoi re-spring  (the 
other  pallet  at  e,  in  the  return,  removing  the  arm  r  the  con- 
trary direction),  relieves  the  tooth  3  from  the  lock  b.     The 
wheel  again  goes  forward,  almost  the  whole  space,  from  tooth 
to  tooth,  winds  the  spiral  spring  again,  and  comes  into  the  situa- 
tion of  fig.  1,  and  thus  the  whole  performance  is  completeel. 
The  end  of  the  lower  pallet  b  resting  on  the  point  of  the  tooth 
1 ,  prevents  the  wheel  exerting  itrfull  force  on  the  lock  a,  as  in 
fig.  I .     The  same  effect  is  produced  by  the  pallet  lying  on  the 
tooth  5,  by  preventing  the  wheel  from  pressing  on  b ;  and  thus 
the  locking  becomes  the  tightest  possible.     This  scapement 
may  be  much  simplified  by  putting  a  spring  with  a  pallet  made 
in  it,  as  in  fig.  12.  instead  of  the  lever-pallet,  and  spiral-spring. 
The  operation  will  be  in  other  respects  exactly  the  same,  avoid- 
ing the  friction  of  the  pivots  of  the  lever-pallet.     This  method 
I  prefer  for  a  piece  to  be  in  a  state  of  rest,  as  a  clock  ;  but  the 
disadvantage,  from  the  weight  of  the  spring  in  different  posi- 
tions, is  obvious.     The  locking  may  be  on  any  two  teeth  of  the 
wheel,  as  may  be  found  most  convenient." 

Many  other  ingenious  scapements  have  been  contrived  by 
Harrison,  Hindley,  Ellicott,  Lepaute,  Le  Roy,  Berthoud,  Ar- 
noldy  Whitehurst^  Earnshaw,  Nicholson,  &c.  But  descriptions 
of  them  would  extend  this  article  to  nmch  too  great  a  length. 
What  is  here  collected  will,  we  trust,  furnish  some  insight  into 
the  nature  of  a  few  of  the  most  approved  scapements. 

Archimedes's  screw,  or  the  Watersnaily  is  a  machine 
for  raising  water,  which  consists  either  of  a  pipe  wound  spirally 
round  a  cylinder,  or  of  one  or  more  spiral  excavations  formed 
by  means  of  spiral  projections  from  an  internal  cylinder,  covered 
hy  an  external  coating,  so  as  to  be  watertight.  This  screw  is 
one  of  the  most  ancient,  and  at  the  same  time  ingenious,  ma- 
chines we  know,  being  truly  worthy  of  the  name  it  bears,  sup- 
posing Archimedes  to  be  the  real  inventor.  Though  simple  in 
its  general  manner  of  operation,  its  theory  is  attended  with  some 
difficulties  which  could  only  be  conquered  by  the  modern  ana- 
lysis :  it  was  first  stated  correctly,  as  far  as  we  have  been  able  to 
ascertain,  by  M.  Pitot^  in  the  Mimoires  de  C Academic  Royale 
des  Sciences,  and  afterwards  more  elaborately  by  Euler  in  Nov. 
Comment.  Fetropol.  torn.  5.  Later  attempts  by  Langsdoffin 
his  Handbuch  der  Masckinenlehre,  and  some  other  authors,  are 
not  to  be  relied  on.  That  the  nature  of  this  curious  machine 
may  be  the  better  understood,  we  shall  first  state  generally  its 
manner  of  operation ;  and  then  present  a  more  particular  view 
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of  the  calculus  necessary  to  shew  the  work  it  will  really  perform, 
and  the  force  required  as  a  first  mover. 

1.  If  we  conceive  that  a  flexible  tube  is  rolled  regularly  about 
a  cylinder  from  one  end  to  another;  this  tube  or  canal  will  be 
a  screw  or  spiral,  of  which  we  suppose  the  intervals  of  the  spires 
or  threads  to  be  equal.  The  cylinder  being  placed  with  its 
axis  in  a  vertical  position,  if  we  put  in  at  the  upper  end  of  the 
spiral  tube  a  small  ball  of  heavy  matter,  which  may  move  freely, 
it  is  certain  that  it  will  follow  all  the  turnings  of  the  screw  from 
the  top  to  the  bottom  of  the  cylinder,  descending  always  as  it 
would  have  done  had  it  fallen  in  a  right  line  along  the  axis  of 
the  cylinder,  only  it  would  occupy  more  time  in  running  through 
the  spiral.  If  the  cylinder  were  placed  with  its  axis  horizon- 
tally^ and  we  again  put  the  ball  into  one  opening  of  the  canal, 
it  will  descend,  following  the  direction  of  the  first  demi-spire  ; 
but  when  it  arrives  at  the  lowest  point  in  this  portion  of  the 
tube  it  will  stop.  It  must  be  remarked  that,  though  its  heavi- 
ness has  no  other  tendency  than  to  make  it  descend  in  the  demi- 
spire,  the  oblique  position  of  the  tube,  with  respect  to  the 
horizon,  is  the  cause  that  the  ball,  by  always  descending,  is 
always  advancing  from  the  extremity  of  the  cylinder  whence  it 
commenced  its  motion,  to  the  other  extremity.  It  is  impossible 
that  the  ball  can  ever  advance  more  towards  the  further,  or  as 
we  shall  call  it,  the  second  extremity  of  the  cylinder,  if  the 
cylinder  placed  horizontally  remains  always  immoveable :  but 
if,  when  the  ball  is  arrived  at  the  bottom  of  the  first  demi-spire, 
we  cause  the  cylinder  to  turn  on  its  axis  without  changing  the 
position  of  that  axis,  and  in  such  manner  that  the  lowest  point 
of  the  demi«spire  on  which  the  ball  presses  becomes  elevated, 
then  the  ball  falls  necessarily  from  this  point  upon  that  which 
succeeds,  and  which  becomes  lowest;  and  since  this  second 
point  is  more  advanced  towards  the  second  extremity  of  the 
cylinder  than  the  former  was,  therefore  by  this  new  descent  tlie 
fa^U  will  be  advanced  towards  that  extremity,  and  so  on  through- 
out, in  such  a  manner  that  it  will  at  length  arrive  at  the  second 
extremity  by  always  descending,  the  cyUnder  having  its  rotatory 
motion  continued.  Moreover,  the  ball,  by  constantly  following 
its  tendency  to  descend,  has  advanced  through  a  right  line  equal 
to  the  axis  of  the  cylinder,  and  this  distance  is  horizontal,  be- 
€ause  the  sides  of  the  cylinder  were  placed  horizontally.  But 
if  the  cylinder  had  been  placed  oblique  to  the  horizon,  and  we 
suppose  it  to  be  turned  on  its  axis  always  in  the  same  direction, 
it  is  easy  to  see  that  if  the  first  quarter  of  a  spire  actually  de- 
scends, the  ball  will  move  from  the  lower  end  of  the  spiral  tube, 
and  be  carried  solely  by  gravity  to  the  lowest  point  of  the  first 
demi-spire,  where,  as  in  the  preceding  case,  it  will  be  abandoned 
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by  this  point  as  it  is  elevated  by  die  rotation,  and  thrown  by  its 
heaviness  upon  that  which  has  taken  its  place :  whence,  as  this 
succeeding  point  is  further  advanced  towards  the  second  ex- 
tremity of  the  cylinder,  than  that  which  the  ball  occupied  just 
before,  and  consequently  more  elevated;  therefore  the  ball 
while  following  its  tendency  to  descend  by  its  heaviness,  will  be 
always  more  and  more  elevated  by  virtue  of  the  rotation  of  the 
cylinder.  Thus  it  will,  after  a  certain  number  of  turns,  be  ad- 
vanced from  one  extremity  of  (he  tube  to  the  other,  or  through 
the  whole  length  of  the  cylinder ;  but  it  will  only  be  raised 
through  the  vertical  height  determined  by  the  obUquity  of  the 
position  of  the  cylinder. 

Instead  of  the  ball  let  us  now  consider  water  as  entering  by  the 
lower  extremity  of  the  spiral  canal,  when  immersed  in  a  reservoir: 
this  water  descends  at  first  in  the  canal  solely  by  its  gravity ; 
but  the  cylinder  being  turned,  the  water  moves  on  in  the  caoal 
to  occupy  the  lowest  place ;  and  thus^by  the  continual  rotation 
is  made  to  advance  further  and  further  io  the  spiral,  till  at 
length  it  is  rabed  to  the  upper  extremity  of  the  canal  where  it 
is  expelled.  There  is,  however,  an  essential  difference  between 
the  water  and  the  ball :  for  the  water,  by  reason  of  its  fluidity, 
after  having  descended  by  its  heaviness  to  the  lowest  point  of 
the  demi-spire,  rises  up  on  the  contrary  side  to  the  original 
level ;  on  which  account  more  than  half  one  of  the  spires  may 
soon  be  filled  widi  the  fluid.  Thb  is  an  important  narticular, 
which,  though  it  need  not  be  regarded  in  a  popular  iilustratioD, 
must  be  attended  to  in  the  more  particular  exhibition  of  the 
theory  to  which  we  now  proceed. 

2.  The  most  simple  method  of  tracing  a  screw  or  a  helix 
upon  a  cylinder  is  well  known  to  be  this :  take  the  haght  or 
length  of  a  cylinder  for  one  leg  of  a  right-angled  triangle,  and 
make  the  other  leg  equal  to  as  many  times  die  circumference 
of  the  base  of  the  cylinder,  as  the  screw  is  to  make  convolutions 
about  the  cylinder  itself;  then  if  this  triangle  be  enveloped 
about  the  surface  of  the  solid,  the  two  legs  being  made^  the  one 
to  lie  parallel  to  the  axis  of  the  cylinder,  the  other  to  fold  upon 
the  circumference  of  its  base,  the  hypothenuse  will  form  the 
contour  of  the  screw.  Suppose  therefore  here,  that  upon  the 
cylinder  a  bod  (fig.  6.  pi.  XXIV.)  we  have  rolled  the  right- 
angled  triangle  bde,  and  that  its  hypothenuse  be  traces  upon 
the  cylinder  the  contour  of  the  helix  or  the  spires  bf,  gh,  &c. 
Then  if  a  tube  be  formed  according  to  the  direction  of  this 
spiral,  and  a  small  ball  put  into  it,  if  die  cylinder  were  placed 
upright,  the  ball  would  roll  to  the  bottom  with  the  same  velo- 
city and  the  same  force,  as  it  would  have  deecended  upon  the 
plane  de,  if  be  were  horizontal  and  bd  vertical.     Bnt  if  die 
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Cyli&der  be  inclined  until  it  msikes  with  the  vertical  cl  an  angle 
ACh  equal  to  the  angle  bed,  or  the  angle  which  the  threads  of 
the  screw  make  constantly  with  the  base  of.the  cylinder,  in  that 
case  DE  will  be  parallel  to  the  horizon;  and  whether  the  spires 
be  few  or  many^  they  will  all  be  parallel  to  the  horizon :  so  that 
there  being  nothing  to  occasion  the  ball  P  to  move  toward  either 
G  or  u,  it  will  remain  immoveable,  supposing  the  cylinder  to  be 
at  rest :  but  if  the  cylinder  be  turned  on  its  axis  in  one  direc- 
tion, the  ball  (abstracting  from  friction)  will  move  the  contrary 
^ay,  in  conformity  with  the  first  law  of  motion. 

3.  The  inclination  acl  =  bed  which  we  have  just  assigned, 
is  the  least  we  can  give,  so  that  the  ball  shall  not  descend  of  it* 
self:  but  if  we  augment  this  inclination,  or  make  the  angle  lac 
smaller,  then  by  turning  the  cylinder  in  the  direction  cmd,  the 
ball  will  always  have  a  descent  on  the  side  towards  h,  and  will 
mount,  so  to  speak,  by  descending.  The  reason  is  very  simple : 
the  plane  which  carries  it  makes  it  rise  more  in  consequence  of 
the  rotatory  motion,  than  it  descends  by  virtue  of  the  force  of 
gravity. 

4.  There  are  several  methods  of  determining  the  ratio  of  the 
weight  of  the  ball  p  to  tlie  force  f,  necessary  to  make  it  rise  by 
luruing  the  screw.  The  following  is  perhaps  the  most  simple : 
the  force  or  power  is  to  the  weight  elevated,  as  the  vertical 
space  passed  over  by  the  weight,  is  to  the  space  passed  through 
by  the  power  in  moving  it.  Here  the  vertical  space  is  cl,  and 
if  the  moving  force  act  at  the  circumference  of  the  cylinder,  th^ 
space  passed  over  Ey  that  force  will  be  equal  to  as  many  tins^es 
the  circumference  of  the  cylinder's  base,  as  there  are  convolu- 
tioos  of  the  helix :  thus  we  shall  have  be  :  cl  :  :  p  :  f. 

Example,  Let  the  diameter  ab  of  the  cylinder  be  14  inches, 
the  vertical  altitude  cl  =  12  feet  or  144  inches,  and  12  the 
convolutions  of  the  spiral,  the  cylinder  being  so  placed  that  the 
angle  lac  is  less  than  bed;  the  weight  to  be  raised  being  a 
48  lb.  ball.  Then  the  circumference  of  the  cylinder  will  be 
nearly  44  inches,  and  the  12  turns  equal  to  12  x  44  =  628  =  be. 
Hence  we  have  S28  :  144  :  :  p  :  f  :  :  48  :  IS-J^  lbs.  the  measure 
o.f  the  requisite  force  at  the  surface  of  the  cylinder.  If  the 
moving  force  describe  a  circle  whose  diameter  is  3  times  that  of 
the  cylinder,  or  act  at  a  winch,  whose  distance  from  the  axis  of 
motion  is  21  inches,  that  force  will  then  be  reduced  to  4  pf  13|t 
or  4^  lbs.  which  is  less  than  ^V  of  l^c  weight  of  the  ball.  The 
friction  upon  the  pivots,  &c.  is  not  here  considered. 

Thus  it  appears  that  Archimede&'s  screw  may  be  used  for 
other  purposes  than  raising  of  water.  It  might  be  adapted  with 
advantage  in  raising, cannon  balls  from  a  ship  to  a  wharf:  and 
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wkli  tbm  widirioii  of  a  befJ-nhed  or  two 
ndghi  be  worked  by  eitber  ncn  or  horses. 

5.  Tbe  helix  fonoed  mboot  a  cjimdtu  b  m  c 
its  parts  :  that  is,  all  the  ileiiu-spires,  as  Aic,  CK,  Bs,  are 
and  C4|iial;  it  is  also  the  sane  of  the  thirds,  tbe  fovths,  &€.  of 
the  spires,  aod  generally  of  all  the  eqoal  portioiis  of  tbe  carve. 
Bat  when  the  cylioder  is  inclined,  if  we  refer  aU  tbe  pooits  of  a 
deini^ire,  such  as  aic,  bj  perpencbcnlars,  to  tbe  borizoacd 
section  of  the  cylinder  (which  section  is  elliptical,  thoagb  re- 
presented in  fig.  7.  pi.  XXIV.  by  a  right  line  ad  to  |»reveflt 
confusion  in  the  di;igraai),  we  shall  find  tbat  this  demi-apsre  baa, 
with  regard  to  the  horizontal  plane  ad,  a  highest  point  K,  a  low- 
est point  e^  and  a  mean  pcnnt  i.  In  order  to  becoiiie  acquainted 
with  the  effect  of  the  screw  in  rainng  water,  it  is  important  to 
determine  these  three  pcnnts. 

6.  The  mean  point  i  is  a  point  of  inflectioo  Terj  easy  to 
determine.  To  this  end  put  the  diameter  ab  =  2r,  the  half- 
circumference  AMB  =  c,  the  abscissa  ap  s  x,  the  iodeter- 
roinate  arc  am  =  $,  the  ordinate  me  of  tbe  spiral  ^=y,  snd 
the  height  bc  of  a  demi-spire  =  A.  Hence,  since  we  maj  con- 
sider the  demi-spire  aic  as  havii^  been  formed  by  tbe  hypo^ 
themise  of  a  right-angled  triangle,  one  leg  of  which  b  equal  to 
the  half-circumference  amb,  and  the  oUier  equal  to  the  tine 
BC,  we  haye  this  proportion,  amb  :  bc  : :  am  :  ME,  or  r  :  A 

^ :  s  :  y ;  whence,  $  =  -^,  the  fluxion  of  which  is  s  =  ^  * 

But  by  the  nature  of  the  circle  s  =  -7—: — - ;  so  that—-- 

ss  - .  Therefore,  following  the  usual  method  for  points  of  in- 
flexion, by  taking  the  second  fluxions  and  supposing  St  constant^ 
we  have  ^^.^^^^  =:  j?  =  0,  which  gives  x  =  r,  and  indicates 
that  the  point  of  inflexion  i  is  in  the  middle  of  the  demi-spire 

AIC. 

7.  To  find  the  highest  and  lowest  points  E,  E^,  m  addition  to 
the  characters  before  used,  put  bd  :^  a^  and  ad  =/*:  we  have 

from  the  foregoing  article  -  =  y,  and  the  similar  triangles  abd, 
APP,  give  AB  :  bd  : :  ap  :  pp,  or  ar  :  a  : :  X  :  ^  =  pf.  There- 
fore  EF  =  PE  -  pp  =»  ~  —  ^ ;  for  since  we  consider  pm  a» 
perpendicular  to  pe,  it  follows  that  me  and  pe  will  beequal^ 
and  consequently  pe  =s  — .    The  similar  trianj^  abd,  IW/ 
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give  ad:  AB  :  :  EF  :  eg,  or, / :  2r  :  : g:  —^ rr  = 

EG.  This  value  of  eg  ought  to  be  a  maximum;  its  fluxioD^ 
therefore,  that  is,  -^  —  -^  r:  0.     B    t  from  the  nature  of  the 

circle  we  have  s  =  "775— — j:  •  Substituting  for  s  in  the  pre- 
ceding equation  this  value  of  it,  and  reducing,  we  soon  find  x  = 
r  ±  —  v/(aV— 4AV*).    Of  these  two  values  of  x,  the  lower 

determines  the  value  ap  corresponding  to  the  highest  point  £ ; 
the  upper  shews  the  value  ap'  corresponding  to  the  lowest 
point  k'. 

8.  Through  the  highest  point  B  having  drawn  the  horizontal 
-plane  eg,  this  plane  will  cut  the  demi-spire  cos  in  the  point  6 
(fig.  8.  pi.  XXIV.),  thus  determining  the  arc  boo  which  carries 
water,  or  as  it  is  sometimes  called  the  hydrophorous  arc;  for  all 
the  points  of  this  arc  being  below  the  points  £,  o,  and  theae 
two  point?,  being  in  the  le%-el  of  the  surface,  the  water  wiH  be 
in  equilibrio  in  that  arc.    To  find  the  magnitude,  and'pf  cons^. 

Suence  the  quantity  of  water  carried  by  an  hydrophorous  arc^ 
le  diameter  of  the  tube  which  forms  the  screw  being  given,  it 
is  evident  that  we  have  only  now  to  determine  the  point  o  or 
extremity  of  the  arc  eco,  the  other  extremity  having  been 
found  by  the  preceding  article.  In  order  to  this,  denote  ab» 
BD,  by  die  same  letters  as  before ;  the  variable  abscissa  bq  by  Zy 
and  its  arc  bn  by  «:  the  line  ef  (found  as  in  art  7.),  or  its 
equal  or  put  =:  e.     Then  the  similar  triangles  abd,  aqr, 

give  AB  :  BD  :  :  aq  :  qr,  or  2r  :  a  :  :  2r  —  z  :  — 5- —  =  QR  : 

therefore  Qo  =:  -^^ —  +  e.  Now,  by  the  property  of  the 
screw,  we  have  amb  :  bc  :  :  ambn  :  no,  or  c  :  h  :  :  c  -^  s  z 
But  QO  and  no  being  two  lines  perpendi- 
cular to  the  base  of  the  cylinder,  and  both  of  them  terminating 
in  the  plane  of  the  ellipse,  or  of  the  cylindric  section  £0,  it 
follows  that  QO  =  no;  that  is,  from  what  has  gone  before, 

—3 1-^=^ jor—-! hA  — «  — ^  — 0.  Asthere- 

solution  of  this  equation  depends  upon  the  rectification  of  the 
arc  J,  we  can  only  substitute  the  value  of  s  in  terms  of  2,  by  aa 
infinite  series  formed  of  z  and  its  powers ;  where  the  resulting 
equation  becomjng  more  and  more  complex  and  embarrassing, 
as  a  greater  number  of  terms  of  the  series  is  taken,  we  should, 
by  pursuing  it,  be  involved  in  a  very  long  and  tiresome  opera* 
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tion  :  to  avoid  this  we  shall  have  recourse  to  the  following  tabfe 
calculated  by  M.  Pilot. 

This  table  contains  values  of  the  arcs  bn  »  s,  corresponding 
to  those  of  BQ  zz.  Zf  given  in  parts  of  the  diameter  a  b  =  2r, 
divided  into  200  parts.  This  granted,  having  found  bj  the  pre- 
ceding article  the  value  of  e*,  we  reduce  A— fl  — eto  one  namber 

only,  which  let  be  represented  by  n :  then  have  we  —  +  —  = 

n.     Lastly,  we  take  in  the  table  diiferent  values  of  z  and  of  the 
corresponding  arc,  till  we  have  discovered  that  which  rendeiv 

—  -I-  —  equal  to  the  number  n,  or  nearly  so. 

To  find  the  length  of  the  hydrophorous  arc  ECO,  having  de^ 
temibed  die  arcs  am  and  bn,  it  is  proper  to  observe  that,  by 
the  formation  of  the  screw  (art.  2.),  the  Icngdi  of  one  of  the 
demi-spires  abc  is  equftl  to  the  hypothenuse  of  a  right-angled 
trifmgle,  of  which  amb  =  c,  and  bc  =  A  are  the  Tegs :  thus 
the  demi-spire  aec  =  ^  (cr  -f  hh)^  If  now  we  put  m  for  the 
known  arc   mbn,  we  may  take  tliitf  analogy,  viz.  amb  :  aec 

: :  mbn  :  eco,  or  c  :  •  (c*  +  A')  :  :  m :  -^  v^  (c*  +  A*)  =  Bco, 

and  thus  obtain  tlie  value  of  the  arc  which  carries  the  water^  or 
of  the  hydrophorous  arc  sought. 

Table  of  arcs  corresponding  to  par  is  of  radius  divided  into  lOO 
,    eqnal  parts. 


Part  of 

Arcs  in  parts 

Arcs  in  deg. 

Farts  of 

Arfs  in  parts 

Aretlu  de|f. 

radius. 

of  radius. 

and  inin. 

radius. 

of  radius. 

and  min. 

1 

14M4 

8^  r/ 

IS 

60-88 

3-l°54' 

2 

20- 

11  28 

19 

62-62 

35  54 

3 

24-54 

14     4 

20 

64-31 

36  52 

4 

28-35 

16  15 

21 

65  94 

W48 

5 

31-72 

18  11 

2i 

67-57 

38  44 

6 

34-77 

15J56 

23- 

69M7 

S9  39 

7 

37-59 

21  33 

24 

70-74 

40  33 

8 

40-24 

23    4 

25 

7273 

41  25 

9 

42-71 

24  29 

26 

7373 

42  16 

10 

40-06 

25  50 

27 

75-21 

43    7 

11 

47-30 

27    7 

28 

76-66 

43  57 

12 

49-45 

28  21 

29 

7816 

44  46 

13 

51-52 

29  32 

30 

79-62 

45  35 

14 

53-52 

30  41 

31 

80-90 

46  22 

15 

55-44 

3147 

32 

8225 

47    9 

16 

57*30 

32  51 

35 

83-62 

47  56 

17 

59-16 

33  55 
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0.  Example  of  the  calculation  of  an  fiydrophorous  arc.  For 
ail  example  of  this  kind  of  calculation  for  the  length  of  the  hy- 
drophorous  arc  Kco,  let  us  take  the  diameter  ab  =  2r  of  200 
partSy  the  height  bc  =  A  =:  80  of  the  same  parts,  qd  =  a  z:  100 
parts;  then  the  semi-circumference  A mb  will  be  nearly  =314 
'of  those  parts.     Substituting  these  value?  in  the  expression  x  = 

r-T—V  (fl*  c*-4A*  r*)  (art.  7.),  there  results  ap  n  «  =  13-45 

of  the  same  parts :  and  by  means  of  the  table  just  given,  the 
arc  AM  =«,  IS  found  —  53*3:     Substituting  these  values  of  t 

and  ^in.the  equation |^  :;:  e,  we  find  the  .value,  e,  of  EF 

or  Ro  —  6*S€f. 

To  have  at  the  same  time  the  va\ue  of  ,bq  =  z,  and  of  the 
ar<;  bn  which  we  now  call  s  ;  these  values  of  a,  h,  c,  2r  and  e 

must  be  substituted  in  the  equation  ^r\ ^  a^  b+  e,so9B 

805 

to  have  ^  +  73^  =  5^*72.     By  means  of  the  preceding  table  it 

i^   soon  foupd   that  bq  ==  as  =:  21,  and  bn  =,«:;:  66^   very 
nearly.  - 

Then  to  find  the  arc  mrn,  which  we  have  called  m^  we 
have  the  whole  arc  ambn  =:  314  +  66  —  380,  from  which  de- 
ducting the  arc  am  =  53*3,  there  remains  mbn  n  ?»  =:  326«7. 
The  length  of  the  demi-spire  aec  =  \/  (c*  +  A*)  =  324*03 : 

and  finally  -^  \/(c*  +  h^)  =;  33713  .the  length  cf  the  hydr<v 

phorous  arc  bco. 

10.  The  diameter  of  the  cylinder  of  the  screw  being  given, 
teilh  that  of  t/te  tube  which  forms  the  spiral^  and  the  given 
lensth  of  the  screw ,  to  find  the  quantity  of  water  carried  by  the 
hyarophorous  arcs,  and  the  height  to  which  the  water  is  elevated^ 
the  inclination  of  th^  spiral  being  as  before. 

Let  the  diameter  ab  of  the  screw  be  1  foot,  that  of  die  spiral 
tube  in  which  the  water  is  raised  3  inches,  and  the  length  of  the 
screw  30  feet.  This  granted,  to  have  the  length  in  feet  and 
inches  of  an  hydrophorons  arc,  say,  as  the  200  parts  of  the 
diameter  of  the  table:  1  foot  or  12  inches  :  :  337*13  before 
found  :  20*2278  inches,  the  real  length  of  the  hydrophorpus  arc. 
£very  such  arc  then  carries  a  cylinder  of  water  3  iqcfaes  dia« 
meter  and  20*2278  inches  lon^.  Let  us  next  enquire'  how  many 
such  arcs  there  will  be  in  the  whole  length  of  the  screw,  or  30 
feet.  It  is  evident,  in  the  first  place,  that  every  turn  or  convo- 
lution of  tbe'helix  on  the  arbor  of  the  screw  carries  one  hydror, 
phorous  arc :  to  find,  therefore,  the  number  of  turns,  it  mi|st  be 
observed  ftat  the  height  bc  of  one  of  the  demi-spirea  10  inTour 
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exiBipIe  80  parts,  or  the  hei^t  as  of  an  entire  spire  160  parts; 
the  diameter  a  b  of  the  base,  which  is  1  foot,  being  200  of  those 
parts:  hence  200:  12  :,:  160:  9*6  inches,  the  keight  of  one 
spire.  Dividing  the  inches  in  30  feet  by  9*6,  the  quotient  gives 
more  than  37  for  the  number  of  spires ;  consequently  there  will 
be  37  hvdrophorous  arcs.  The  quantity  of  water  in  all  these 
hydrophorous  arcs  is  equal  to  the  quantity  in  a  cylinder  the 
diameter  of  whose  base  is  3  inches,  and  he^ht  3s=  20*2278  X 
37  =  748*4286  inches,  or  nearly  624  feet.  Such  a  cylinder  of 
water  b  easily  found  to  weigh  191*313  lbs.  avoirdupois. 

We  have  now  to  determine  the  vertical  height  to  which  the 
screw  we  have  taken  for  an  example  will  elevate  die  water :  and 
this  may  be  accomplished  very  easily ;  for,  the  triangles  adb, 
Bvz,  being  similar,  we  have  ad  :  ab  :  :  by  :  yz  =  26*833  feet 
Finally,  under  this  head,  to  find  the  angle  which  the  arbor  or 
axle  of  this  screw  makes  with  the  horizon,  say,  as  bd  :  ba  : : 
rad.:  tan,  adb  =  tan. ybz  the  angle  sought:  thus  the  angle 
YBZ  is  found  =  63°  26^. 

11.  Computation  of  the  force  requisite  to  turn  the  screwj"^ 
In  the  example  we  nave  taken,  the  weight  of  the  water  |Don« 
tained  in  the  37  hydrophorous  arcs  being  191*813  lbs.  to  find 
the  force  necessary  to  be  applied  at  the  circumference  of  the 
cylinder,  we  must  say,  according  to  the  rule  in  art.  4.  as  37 
times  the  circumference  of  the  cylinder's  base(=  1395*714 
inches)  is  to  the  vertical  height  through  which  the  water  is 
elevated  (=.26f.  10i.=322  inches),' so  is  the  weight  of  water 
(t=  191-313  lbs.)  to  the  weight  4414  lbs.  equivalent  to  the 
force  which  must  be  applied  to  the  circumference  of  the  screw 
to  keep  it  in  motion  when  once  it  has  begun  to  turn.  But  if 
this  force  or  power^  instead  of  being  applied  at  the  circum- 
ference of  the  screw,  acts  by  a  handle  and  winch  at  the  distance 
of  10  inches  from  the  axis  of  the  cylinder,  the  requisite 
force  will  only  be  ^  or  I  of  the  former;  it  will^  tbereforei  be 
£6*48lbs. 

12.  Computation  (^  the  quantity  of  water  whidi  the  screw 
will  raise  in  a  given  time. — ^To  find  the  quantity  of  water  raised 
b^  the  screw  proposed  as  our  example,  we  must  know  the  velo- 
city with  which  the  assigned  force  carries  round  the  handle. 
Suppose,  for  instance,  the  handle,  and  consequently  the  screw, 
Qiakes  one  rotation  in  5  secondsj  it  is  very  manifest  the  screw 
will  then  expel  the  quantity  of  water  contained  m  1  hydro- 
phorous arc  in  5  seconds ;  and  in  37  times  5  seconds,  that  is  185 
second/i  or  S'  5\  it  will  raise  a  quantity  weighing  191*313  lbs. 
To  find  the  quantity  raised  in  an  hour,  say,  as  1 85 :  3600  (seconds 
in  an  hour)  : :  IQl  313  :  3719  lbs.  nearly.  Or,  if  ^e  quantity 
be  calculated  in  ale  gallons^  it  will  be  found  equaH^  .SM'62» 

\ 
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If  the  n^Iocitjr  with  which  the  handle  b  ni6ved  be  tripled,  wfaiph 
it  uaj  be,  without  rendering  the  work  too  fatiguing ;  the  quan- 
tity raised  will  be  tripled,  and  nearly  1094  gallons  will  be  raised 
^  feet  10  incheS)  in  an  hour.  This  coincides  very  nearly  with 
Desaguliers's  estimate  of  the  water  which  a  man  can  raise  by 
almost  any  hydraulic  engine. 

13.  Having  dwelt  thus  long  upon  the  theory  of  Archimedes's 
«crew,  but  Kttle  remains  to  complete  our  observations.  It  is 
jobvious  frbm  what  has  been  remarked,  that  this  screw  can  never 
niise  water  when  the  angle  which  the  central  line  of  the  spmil 
makes  with  the  base  of  the  cylinder  is  larger  than  the  angle 
included  between  the  base  of  the  cylinder  and  the  horizon ;  that 
18,  it  is  always  necessary  that  BAZ  should  be  equal  to,  if  not 
^eater  than,  bed  (fig.  6.  pi.  XXiV*)  In  practice,  indeed,  it 
IS  adviseable  that  c al  be  between  40"*  and  60^,  and  baz  —  bed 
Ibetween  40^  and  20*.  The  mean  of  both  these  is  most  to  be 
recommended. 

Sometimes  Archiinedes's  screw,  instead  of  being  worked  by 
pien  at  a  winch,  is  turned  by  means  of  float-boards  fixed  about 
the  circumference  of  its  lower  end,  upon  which  a  stream  of 
9vater  acts :  if  the  water  have  a  moderate  fall,  it  will  have 
sufficient  efficacy  to  turn  two  screws,  one  above  another ;  the 
top  of  the  lower  screw  and  the  bottom  of  the  upper  screw  may 
act  the  one  upon  the  other,  by  means  of  a  wheel  upon  each 
^ith  an  equal  number  of  teeth  ^taking  into  each  other :  in  this 
case  the  upper  screw  will  turn  in  a  contrary  direction  from  the 
'  other,  and  consequently  the  spual  tube  must  be  wound  about 
ibe  cylinder  in  an  opposite  direction.  A  solid  wheel,  or  a  light 
Dvfaeel  with  a  heavy  rim^  turning  upon  the  middle  of  the  screw 
as  an  axis,  will  operate  like  a  fly,  and  in  some  cases  be  very 
useful. 

In  the  preceding  investigations  no  notice  has  been  taken  of 
tke  eflects  of  the  air  included  in  the  spiral :  yet  if  the  spiral  had 
4ieen  folded  upon  a  cone  instead  of  a  cylinder,  or  if  it  had  been 
formed  of  a  flexible  tube  of  varying  diameter,  these*  efiects 
^MTould  have  been  important :  some  of  them  are  considered  in 
ptur  account  qf  the  spiral  pump.  See  Hydraulic  Machines, 
No.  10. 

M.  Cagniard,  formerly  an  61ive  of  the  Polytechnic  School, 
has  struck  out  a  very  ingenious  application  of  Archimedes's 
dcrew.  He  employs  it  as  bellows,  in  a  machine  which  pro- 
dkices  rotatory  motion  by  means  of  a  reservoir  of  hot  water. 
When  the  screw  is  turned  in  the  direction  of  the  motion  of  the 
points  which  described  the  helices  of  which  its  threads  are  com- 
posed, the  water  which  bathes  the  lower  extremity  of  the  screw 
does  ibt  risein  its  threads,  but  still  farther  descends  below  the 
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screw,  being  replaced  by  the  exterior  air  which  escapes  dirough 
the  orifices  of  these  threads.     Thus  M.  Cagniard  causes  the 
air  to  descend  to  the  bottom  of  a  vessel  fuU  of  water  of  the 
temperature  of  the   atmosphere :    another   vessel  filled  with 
water  to  ISO**  or  200°  (of  Fahrenheit)  contains  a  cylinder  which  is 
moveable  on  its  axis,  and  is  entirely  immersed  in  the  water :  this 
cylinder  is  furnished  with  spouts  in  the  direction  of  its  length. 
The  cold  air  passes  from  the  bottom  of  the  first  vessel  to  that 
of  the  second,  by  means  of  a  syphon ;  it  enters  the  spouts  of  the 
cylinder,  there  becomes  heated,  and  forces  the  cylinder  to  tunu 
The  rotatory  motion  of  the  axis  of  the  cylinder  is  transoiitted 
to  the  axis  of  the  Archimedean  screw,  and  the  motion  of  the 
cylinder  is  continued  solely  by  the  action  of  the  hot  water  apoa 
the  atmospheric  air. 

For  vanous  purposes  to  which  this  improvement  may  be  ap- 
plied, see  Hachette,  Traiti  des  Machines,  p.  149 — 154. 

SHIP  Block  Machinery.    See  Block. 

SHOEMAKERS'  implement,  to  enable  them  to  work  im 
a  standing  posture.  Such  an  instniment  has  been  contrived  by 
Mr.  Thomas  Holden  of  Fettleworth,  Sussex;  and  its  inventor 
rewarded  with  fifteen  guineas  by  the  Society  of  Arts.  It  r^ 
sembles  a  stand,  such  as  is  used  for  reading-desks ;  at  .the  top 
of  which  is  a  small  block  of  wood,  excavated  so  as  to  form  a 
proper  bed  for  the  last,  and  the  moulds  or  instruments  used  in 
making  boots,  which  are  kept  firm  upon  it,  by  a  stirrup  or 
endless  strap.  The  hollow  block  is  jomed  into  another  piece 
(which  connects  it  to  the  stand),  so  as  to  admit  of  a  vertical 
motion ;  and  it  is  retained,  at  any  angle,  in  this  motion,  by  a 
circular  catch,  with  notches  formed  in  its  side,  to  fasten  it  on 
an  iron  catch  projecting  from  the  lower  piece.  This  lower 
piece  is  shaped  into  a  small  cylinder  beneath,  which  enterng 
into  a  hdle  formed  for  it  on  the  top  of  the  pillar  of  the  stand, 
permits  the  hollow  block  to  be  moved  round  about,  without 
stirring  the  stand ;  so  that,  by  the  combination  of  these  two 
motions,  it  may  be  placed  in  any  position.  Behind  the  hdlow 
block,  and  on  a  level  with  it,  an  horizontal  piece  of  board  is 
supported  by  a  small  pillar,  rising  from  one  of  the  feet  of  the 
stand,  and  secured  firmly  by  a  brace  to  the  stand  itself;  thb  board 
supports  the  tools  and  implements  wanted,  ready  at  hand  for  the 
workman's  use. 

The  design  of  diis  invention  is  to  obviate  the  necessity  of 
using  that  very  unwholesome  posture  in  which  shoemakers  are 
accustomed  to  work ;  which  compresses  the  lungs  and  bowels 
in  such  a  manner,  as  to  occasion  consumption,  inflammation  of 
the  bowelH,  and  a  variety  of  other  frightfid^  complaints. 

The  efficacy  of  the  alteration  of  posture  permitted  by  this 
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instrument^  which  eoables  the  workman  to  stand  at  his  work,  is 
very  well  proved  in  the  case  of  the  inventor  of  it ;  who  has 
produced  a  medical  certificate,  that  he  was,  for  many  years,  so 
afBicted  with  bowel  complaints  and  piles,  that  he  was  under  the 
necessity  of  leaving  off  his  trade  entirely,  if  he  could  not  contrive 
to  work  standing ;  and  that,  since  he  has  made  use  of  this  im> 
plement,  his  complaints  are  entirely  removed,  and  he  is  so 
improved  in  flesh  and  countenance,  that  he  ''  looks  not  like  the 
same  man;"  and,  for  some  years,  has  had  no  occasion  for 
medicine.  He  has  made  many  hundred  pair  of  shoes  on  this 
utand,  and  recommends  also  its  use,  as  *^  the  quickest  way  of 
closing  all  the  thread  work." 

This  implement  might  be  made  still  more  simple,  by  leaving 
out  the  part  used  to  give  the  hollow  block  a  circular  motion, 
^hich  does  not  appear  always  necessary,  from  the  facility  which 
the  workman  has,  when  standing  at  it,  to  place  himself  instantly 
at  any  side  of  the  work  he  pleases ;  it  would,  as  appears  to  us, 
be  full  as  little,  if  not  less,  trouble  to  him  to  let  the  instrument 
remain  unmoved,  and  turn  himself  round  instead  of  it,  us  to 
stand  still  while  he  turned  it  about :  though  a  small  quantity  of 
light  confined  to  one  direction  may  in  some  cases  render  the 
increased  apparatus  necessary* 

A  wooden  vice  of  a  proper  height,  fixed  to  a  stake,  and 
secured  ewn  by  a  wedge,  if  a  screw  should  be  deemed  ex- 
pensive, would  also  hold  a  last  in  any  position  requiretl  for  the 
workman. 

Another  contrivance  for  this  purpose  by  Mr.  J.  King,  has 
been  lately  recommended  by  the  same  society.  The  machine 
consists  of  an  oblong  frame  of  wood  of  two  sides,  with  cross 
pieces.  It  may  be  conveniently  fixed  in  a  situation,  and  at  a 
proper  height  for  working,  by  screwing  down  to  a  window-cill, 
by  means  of  two  screws,  such  as  are  used  for  bedsteads. 
Iliese,  and  an  iron  bracket,  extending  from  the  fix>nt  of  the 
machine,  being  screwed  against  the  wainscot,  support  the  ma- 
chine very  steadily ;  or  a  stand,  consisting  of  proper  legs,  may 
be  used,  if  preferred.  The  external  parts  of  the  machuie  are 
covered  with  leather,  so  as  to  become  like  cushions  to  support 
the  last,  and  it  is  held  down  by  a  strap,  which  has  a  loop  or 
treadle  at  the  bottom,  for  the  foot.  The  principal  novelty  of 
this  invention  consists  in  a  lever,  which  is  attached  by  an  iron 
link  to  a  wire,  upon  which  it  moves  as  a  centre ;  and  when  that 
is  down  in  its  place^  a  small  point  or  beak  of  iroti  enters  into 
holes  made  in  an  iron  plate ;  and  the  other  end  of  the  lever 
comet  to  rest  on  a  stop,  which  has  several  holes  in  it.  The  end 
of  the  lever  has,  also,  a  little  iron  beak,  which  enters  these  holes. 
Tk^}  when  the  lever  is  down,  it  becomes  an  immoveable  cross- 
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bar  of  the  fratnie^  aud  (he  last  m^y  be  held  or  wedged  in  between 
tlib,  and  either  slide  pf  the  fjramey  ancf  held  down  by  the  strap. 
But  to  adjust  the  width  of  the  opening,  on  which  the  last  lies^ 
nothing  more  is  necessary  than  to  l^ft  up  tlie  lever,  so  that  the 
point  clears  the  holes  of  the  plate,  then  sliding  the  link  ^oi^ 
the  wire,  to  the  intended  width,  and  shutting  it  down  again,  the 
beak  or  point  enters  some  other  hole  of  the  plat^,  and  holds 
the  lever  fast  in  the  neyir  position,  so  as  to  adapt  it  to  the  width 
of  any  last,  or  to  hold  it  in  any  position,  at  pleasure. 

Mr.  King  observes  that,  at  other  times,  the  last  is  hidd  down 
by  the  foot-strap  pressing  the  lever  upon  it — Aat  the  machine 
forms  an  universal  vice,  supporting  ^nd  holding  the  last  firmly 
down  upon  the  cross-bar,  m  any  required  ppsitioi^.  Two  sti^ 
pieces  of  sole-leather  are  also  fixed  in  the  frame,  w^ich,  in  ce^r 
tain  positions,  supports  the  last. 

SIPHON.     See  Crane. 

SPIRAL-PUMP,  (nt  Zurich.  See  Hydraulic  Engine^* 
No.  10. 

STEAM-ENGINE,  an  en^eoriginallycontrived  for  raisii^ 
t^ater  by  means  of  the  expansive  force  of  the  steam  or  vapouf 
produced  from  Mater  or  other  licjuids  in  a  state  of  ebullition. 
This  has  been  often  called  the  Ftre-engine,  because  of  the  fire 
used  in  boiling  the  liquid;  but  the  latter  term  has,  of  late,beeif 
properly  confined  to  machines  (ojc  extinguishing  tires.  The 
stcam-^engine  is  justly  deemed  one  of  the  most  curious,  im- 
portant,  and  serviceable  mechanical  inventions,  not  only  of 
modern,  but  of  any,  times ;  particularly  when  it  is  considered 
with  regard  to  some  of  its  late  improvements^  which  render  it 
applicable  to  all  kinds  of  mill-work,  to  planing,  sawing,  boring^ 
and  rolling  machines,  and  indeed  to  almost  every  purpose  that 
requires  a  powerful  tirst-mover,  whose  energy  may  be  modified 
at  the  pleasure  of  the  mechanist. 

■  The  principles  and  manner  of  operation  of  the  steam-engines 
of  Savery,  Newcomen  and  Cawley,  and  of  Watt,  may  be  under- 
stood from  the  following  brief  explanations  and  remarks,  which 
'  are  meant  as  preparatory  to  the  more  detailed  accounts  of  ser 
veral  engines  with  which  we  have  been  favoured. 

1 .  Let  there  be  a  sucking  pipe  with  a  valve  opening  upwards 
at  the  top,  communicating  with  a  close  vessel  of  water,  nof 
more  than  thirty-three  feet  above  the  level  of  the  reservoir,  and 
the  steam  of  boiling  water  be  thrown  on  the  surface  of  the  water 
in  the  vessel,  it  will  force  it  to  a  height  as  much  greater  than 
thirty-three  feet  as  the  elastic  force  of  the  steam  is  greater  than 
that  of  air ;  and  if  the  steam  be  condensed  by  the  miection  of 
cold  water,  and  a  vacuum  thus  formed,  the  vessel  win  be  filled 
from  the  reservoir  by  the  pressure  of  the  atmosphere ;  and  the 
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8t€am  being  admitted  as  before^  this  water  will  'also  be  forced 
up ;  and  so  on  successively. 

Such  is  thje  principle  of  the  first  steam-engine,  said  by  the 
English  to  be  invented  by  the  marquis  of  Worcester;  whUe  the 
French  ascribe  it  to  Papin :  though  we  believe  the  fact  is  that 
Brancasy  an  Italian,  applied  the  force  of  steam  ejected  from  a 
large  orlopile  as  an  impelling  power  for  a  stamping-engine  so 
early  as  1629.  The  hint  so  obscurely  exhibited  in  the  marquis 
of  Worcester's  Century  of  Inventions  (see  the  word  Wor- 
cester in  this  alphabetical  arrangement)  was  carried  into  effect 
by  captain  Savery. 

2.  If  the  steam  be  admitted  into  the  bottom  of  a  hollow 
cylinder,  to  which  a  solid  piston  is  adarpted,  the  piston  will  be 
forced  upwards  by  the  difference  between  the  elastic  forces  of 
steam  and  common  air;  and  the  steam  being  then  condensed, 
the  piston  will  descend  by  the  pressure  of  the  atmosphere,  and 
so  on  successively.  This  is  the  principle  of  the  steam-engine 
first  contrived  by  Messieurs  Newcomen  and  Cawleyy  of  Dart- 
mouth. This  is  sometimes  called  the  atmospherical  engine, 
iind  is  commonly  a  forcing-pump,  having  its  rod  fixed  to  one 
end  of  a  lever,  which  is  worked  by  the  weight  of  the  atmo-> 
aphere  upon  a  piston  at  the  other  end,  a  temporary  vacuum 
being  made  below  it  by  suddenly  condensing  the  steam,  that 
had  been  admitted  into  the  cylinder  in  which  this  piston 
works,  by  a  jet  of  cold  water  thrown  into  it.  A  partial  vacuum 
being  thus  made,  the  weight  of  the  atmosphere  presses  down 
the  piston,  and  raises  the  other  end  of  the  straight  lever,  toge- 
ther with  the  water,  from  the  well.  Then  immediately  a  hole 
18  uncovered  in  the  bottom  of  the  cylinder,  by  which  a  fresh 
quantity  of  hot  steam  rushes  in .  from  a  boiler  of  water  below 
it,  which  proving  a  counterbalance  for  the  atmosphere  above 
the  piston,  the  weight  of  the  pump-rods,  at  the  other  end  of 
the  lever,  carries  that  end  down,  and  raises  the  piston  of  the 
steam-cylinder.  The  steam  hole  is  then  immediately  shut, 
and  a  cock  opened  for  injecting  the  cold  water  into  the  cy- 
linder of  steam,  which  condenses  it  to  water  again,  and  thus 
'making  a  vacuum  below  the  piston,  the  atmosphere  again 
presses  it  down  and  raises  the  pump-rods,  as  before ;  and  so  on 
continually. 

.  3.  The  great  features  of  improvement  wade  by  Mr.  WnUt 
up6n  the  engine  of  Newcomen  and  Cawley  are,  as  Mr.  Nichol- 
son remarics,  first,  that  the  elasticity  of  the  steam  itself  is  used  as 
the  active  power  in  this  engine;  and  secondly,  that  besides 
various  other  judicious  arrangements  for  the  economy  of  heat, 
he  condenses  the  steam,  not  in  the  cylinder,  but  in  a  separate 
vessel. 
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In  the  cyjiiv^er  or  syringe,  concerning  which  we  have  spoken, 
in  nicntioning  the  engine  of  Newcomen^let  us  suppose  the  upper 
part  to  be  closed,  and  the  piston-rod  to  slide  air-tight  through  ^ 
collar  of  leailiers.     In  this  situation,  it  is  evident  that  the  piston 
might  be  depressed  by  throwing  the  steam  upon  its  upper  sur- 
face, through  an  aperture  at  the  superior  end  of  the  cylinder. 
But  if  we  suppose  the  external  air  to  have  access  to  the  lower 
surface  of  the  piston,  we  shall  find  that  steam  no  stronger  in  its 
elasticity  than  to  equal  the  weightof  the  atmosphere  would  not 
move  the  piston  at  all;  and  consequently  that  this  new  engine  would 
require  much  denser  steam,  and  consume  much  more  fiiel,  than 
tlieoid  engine.     The  remedy  for  this  evil  is  to  maintain  a  con- 
stant vacuum  beneatli  the  piston.     If  such  a  vacuum  were  ori- 
ginally produced  by  steam,  it  is  certain  that  its  permanency 
could  not  be  depended  oii,  unless  the  eugine  contained  a  proy> 
sion  for  constantly  keeping  it  up.     Mr.  Watt's  contrivance  in 
his  simplest  engine  is  as  follows :  The  steam  is  conveyed  from 
the  boiler  to  the  upper  part  of  the  cylinder  through  a  pipe, 
which  also  communicates  occasionally  with  the  lower  part, 
and  be3'ond  that  space  with  a  vessel  immersed  in  a  trough  of 
water;  in  which  vessel  the  condensation  is  performed  by  an  iq^ 
jected  stream  of  cold  water.    This  water  is  drawn  off,  not  by  an 
eduction-pipe  but  by  a  pump,  of  which  the  stroke  is  sufficiently 
capacious  to  leave  room  for  the  elastic  fluid,  separated  during 
the  injection,  to  follow  and  be  carried  out  with  the  injection 
water.     Suppose  now  the  piston  to  be  at  its  greatest  elevation, 
and  the  communication  from  the  boiler  to  the  upper  as  well  as 
to  the  lower  parts  of  the  cylinder  to  be  opened.     The  steam 
will  then  pass  into  the  whole  internal  part  of  the  engine,  and 
will  drive  the  air  dpwnwards  ^nto  the  condenser,  and  thenco 
tlirough  the  valves  pf  the  air-plimp.     In  this  situation,  if  the 
communication  from  the  boiler  to  the  lower  part  of  the  cylinder 
be  stopped,  and  an  injection  be  made  into  the  condenser,  a 
vacuum  will  be  produced  in  that  vessel,  and  the  steam  con* 
tained  in  the  lower  part  of  the  cylinder  and  communication 
pipe  will  expand  itself  with  wonderful  rapidity  towards  the 
condenser,  so  that  in  a  period  of  time  too  minute  to  be  appre- 
ciated, the  whole  of  the  steam  beneath  tiie   piston  will  b^ 
practically   condensed.     The  steam  which  continues  to  act 
above  the  piston  will  immediately  depress  it  into  the  vacuum 
beneath;  at  the  same  time  that  by  connexion  with  the  ex- 
ternal apparatus  the  piston  of  the  air-pump  also  descends  in  its 
barrel.     When  the  stroke  is  nearly  completed  downwards,  the 
requisite  part  of  the  apparatus  shuts  the  communicatiou  with 
the  boiler,  opens  that  between  the  upper  and  lower  parts  of  the 
cylinder  and  condensing  vessel^  and  turns  the  injection- cock* 
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Ax  this  vfery  iiistaht  the  piston  loses  its  tendency  to  descend, 
because  the  steam  presses  equally  on  both  surfaces,  and  con« 
tinues  its  equality  of  pressure  while  the  condensation  is  per* 
formed.  It  therefore  rises;  the  injection  is  stopped;  and  the 
air-pump  making  its  stroke,  suffers  the  injection  water  and  a 
considerable  part  of  the  elastic  fluid  to  pass  through  its  low6r 
valve.  The  vacuum  is  thus  kept  up  through  the  whole  internal 
capacity  of  the  engine.  As  soon  as  the  piston  has  reached  the 
upper  part  of  the  cylinder,  the  communication  to  the  under 
part  of  the  cylinder  is  stopped,  and  that  with  the  boiler  opened^ 
as  before ;  the  consequence  of  which  is,  that  the  piston  again 
descends ;  and  in  this  manner  the  alternations  repeatedly  take 
place. 

The  principal  augmentation  of  power  in  this  engine,  com- 
pared with  that  of  Newcomen,  arises  from  the  cylinder  not 
being  cooled  by  the  injection  water,  from  its  being  practicable 
to  use  steam,  which  b  more  powerful  than  the  pressure  of  the 
atmosphere,  and  from  tlie  employing  of  this  steam  both  to 
elevate  and  to  depress  the  piston.  In  general,  these  engines  are 
worked  by  steam,  which  would  support  a  column  of  four  of 
five  inches  o(  mercury  besides  the  pressure  of  the  atmosphere, 
and  sometimes  more;  for  Mr.  Nicholson  says,  he  has  some- 
times seen  the  gage  as  high  as  eight  inches.  Mr.  Watt  has 
made  several  successive  modifications  and  additions  to  the 
engine  just  described,  some  of  which  will  be  further  spoken  of 
in  the  course  of  this  article. 

In  the  first  edition  of  this  work  there  was  inserted  a  history 
of  the  successive  improvements  in  steam-engines  by  Mr.  J,  C\ 
Honiblower* ;  instead  of  which  I  shall  now  insert  uu  abridge* 

* 

*  As  I  have  been  exposed  to  milch  calumny  and  misrepresentation  foi 

admiuing  that  historic  sketch  into  my  work,  I  beg  to  remark  that  I  did  it 

jo/Wy  from  motives  of  benevolence.    Till  the  time  my  second  volume  Was 

preparing  for  the  press,  I  knew  nothing  ofMr.  Hornblower:  but  a  friend  of 

mine,  on  whose  judgment  I  placed  great  reliance,  who  was  well  acquainted 

with  Mr.  11.,  and  thought  highly  ofhis  moral  character,  as  well  as  of  his 

mechanical  skill,  had  a  full  persuasion  that  through  a  series  ofunfortunate 

circumstances,  he  had  never  had  justice  done  him,  and  ur^  me  to  allow 

Mr.  Hornblower  to  tell  his  own  story.    I  yielded  to  his  solicitations ;  ami  in 

consequence  expired  myself  to  the  malevoleoce  of  certain  writers,  who  in 

one  short  note  often  hues  {Edin,  Rev.  vol.  xiii.  p.  327),  published  ybtir 

positive,  wilful  falsehoods,  for  the  honourable  purpose  of  injuring  my  re- 

putation»     I  however  for^vethem,  although  they  treated  me  unjustly;  and 

trust  they  will  ere  now  have  forgiven  me,  for  permitting  an  injured  (though 

|)erhaps  hasty)  man  to  defend  his  own  cause,  and  that  of  his  family.     He 

IS  now  beyond  the  reach  of  tliose  who  wished  to  promote  his  weluire,  as 

well  as  of  those  who,  by  unfairly  depreciating  his  character,  involved  him  in 

fuin.     His  latter  years  were  rendered  comfortable,  not  by  the  liberality  <»f 

his  own  countrymen,  but  of  an  opulent  and  scientific  Swede,  who  knew 

bow  to  appreciate  and  to  revMird  his  merit  as  an  engineer. 
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ment  of  tkat  history,  and  of  the  Edinburgh  Reviewer's  re«)tj4o 
it,  as  given  in  the  fifth  volume  of  the  *^  Retrospect  of  Philo- 
sophical and  Mechanical  Discoveries/' 8cc. 

4.  Mr.  Homblower's  account  of  the  Steam-engine: — After 
remarking  that  it  is  unnecessary  to  dwell  upon  the  early  part  of 
this  history,  already  treated  by  Desaguliers  and  his  followers, 
Mr,  Hornblower  observes,  there  are,  however,  some  particulars 
during  this  penod  which  deserve  notice.  One  of  these  relates 
to  Desaguliers's  account  of  the  method  of  leathering  the  piston, 
in  which  Mr.  H.  thinks  he  has  erred  in  stating  it  to  have  l>een 
discovered  by  accident.  Another  respects  what  he  says  of  an 
experiment  made  by  Mr.  Beighton,  with  a  view  of  ascertaining 
the  comparative  magnitude  of  such  steam  as  was  general)/ 
used. for  working  an  engine,  in 'respect  to  the  quantity  of  water 
Irom  which  it  was  produced,  and  which  is  stated  to  be  in  the 
ratio  of  13,33B  to  1;  but  which  Mr.  H.,  from  Mr.  Beighton's 
statement,  calculates  at  2,655}  to  I ;  and  he  considers  even  this 
to  be  more  than  what  may  be  observed  in  some  of  the  most 
improved  engines  of  the  present  time.  He  also  conceives  that 
ezperknents  of  this  nature  and  date  have  either  been  conducted 
or  related  in  so  loose  and  inaccurate  a  manner,  that  little  de- 
pendence can  be  placed  upon  the  results. 

Friction  and  inertia  were  at  this  time  considered  as  the  two 
grand  objects  which  the  engineer  had  to  overcome :  and  somq 
different  modes  of  condensation  were  tried,  but  without  muc^ 
advantage  being  derived  from  them*  The  water  in  the  piston, 
whenever  it  was  a  tight  one,  became  hot,  and  a  considerable 
degree  of  heat  was  cfxpend^  in  its  evaporation.     Several  ira- 

Erovements,  however,  were  attempted  in  the  construction  of 
oilers,  some  of  which  succeeded  and  are  still  in  use:  but  the 
fraud  obstacle  was  to  be  surmounted  by  Mr.  Watt.  Previous  to 
It.  Watt's  improvements,  the  boring  of  the  cylinders  had  been 
executed  in  a  very  imperfect  manner;  and  in  several  of  those 
engines  in  which  the  water  obtained  from  the  mines  was  used 
for  condensing  the  steam,  this  defect  soon  became  so  much  in- 
creased by  its  corroding  properties,  that  it  was  almost  impos- 
sible to  keep  the  piston  tigh^  and  in  some  cases  the  packing 
was  rammed  so  hard  as  to  sustain  the  whole  pressure  of  the 
atmosphere. 

Such  was  the  general  state  of  this  engine  when  Mr.  Watt 
obtained  his  patent  in  1769,  and  engaged  to  grant  licenses  for 
die  use  of  his  improved  engines,  on  lire  condition  of  receivii^ 
one  third  of  the  advantage  which  should  result  from  the  saving 
of  fuel  iu  working  those  of  his  construction.  Much  of  the 
nierit  ascribed  to  Mr.  Watt,  for  tlie  improvement  in  boring  the 
cyliiuk  18,  Mr.  H.  sa\ii  is  really  due  to  Mr.  Wilkinson,  with 
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whom  it^  as  well  as  most  of  what  related  to  die  iron-foundery, 
originated.  The  method  of  condensing  the  steam  in  a  separate 
vessel  is  likewise  said  to  have  been  discovered  by  a  Mr.  Gains- 
borough,  about  the  time  that  Mr.  Watt  was  engaged  in  bringing 
fprward  his  improvements,  and  communicated  to  Mr.  Watt  by 
an  officious  acquaintance  of  Mr.  Gainsborough. 

An  attempt  had  been  made  before  this  time  to  drain  some  of 
the  deep  mines  of  Cornwall,  by  a  new  application  of  Saveiyii 
engine,  furnished  with  an  apparatus  for  opening  and  shutting 
the  usual  conmiunications  by  means  of  cocks  and  valves.  lu 
this  application  it  was  proposed  to  employ  the  force  of  steam 
expansively  with  a  stratum  of  air  between  it  and  the  water,  to 
prevent  its  condensation;  and  Mr.  Blakey  obtained  a  patent  for 
his  improvements:  but  one  of  the  steam-vesseb  bursting  before 
the  steam  had  attained  a  sufficient  power  for  the  intended  pur- 
pose, shewed  the  impracticability  of  the  scheme,  and  it  wi^ 
abandoned. 

Mr.  Hornblower  thinks  that  those  who  have  attempted  to 
estimate  the  defects  of  Newcomen's  engine  have  erred  in  stating 
the  vacuum  to  bie  such  only  as  would  cause  a  weight  to  be  raised 
of  about  7}  pounds  for  eyery  square  inch  of  the  piston  ;  and  says 
that  the  column  of  water  alone  was  eaual  to  that  weight  inder 
pendent  of  both  friction  and  inertia,  which  were  very  consider- 
^ble;  he  also  adds,  that  he  tried  the  vacuum  of  several  engines 
in  Cornwall,  and  found  that  which  was  least  to  bear  a  load  of 
11-6  pounds  on  the  square  inch.  Another  error  has  been  conn 
mitted  with  regard  to  the  purport  of  the  counter-weight  attached 
to  the  outer  end  of  the  lever,  which  has  been  stated  to  be  em- 
ployed to  overcome  part  of  the  pressure  of  the  atmosphere  at 
the  return  of  the  stroke  of  the  engine :  "  that  is  not  the  case  J* 
It  is  used  for  the  purpose  of  regulating  the  speed  of  the  engine's 
workings  and  both  the  weight  and  the  end  of  the  lever  on  which 
it  is  placed  are  to  be  varied  by  the  attendant  according  to 
circumstances ;  the  three  principal  of  these  that  require  to  be 
attended  to  in  this  regulation,  are,  "  first,  that  the  pump- 
buckets  shall  descend,  but  without  such  force  as  may  en- 
danger the  breaking  of  the  pump-rods;  secondly,  that  this  de- 
scent shall  nevertheless  be  as  quick  as  possible:  but,  thirdly,  that 
it  shall  not  impede  the  dbcharging  functions  of  the  engine.*' 
With  respect  to  the  application  of  steam,  the  old  atmospheric 
engine  possesses  one  advantage  which  Mr.  Watt's  single  en- 
gine does  not  admit.  In  pumping  water  from  mines  it  is 
necessary  that  the  speed  of  the  engine  should  be  regulated 
according  to  the  influx  of  the  water;  and  in  the  old  engine 
this  is  effected  by  merely  regulating  the  intensity  of  the  fire,  as 
by  this  means  the  force  of  the  steam  on  the  lower  side  of  the 
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piston  may  be  varied  from  an  equilibrium  with  the  pressure  of 
the  atmosphere  to  exceed  itby  two  pounds  on  each  square  inch  of 
riie  piston,  which,  in  a  cylinder  of  60  inches  in  diameter,  amounts 
to  a  force  of  '7,200  pounds.  This  advantage,  however,  relates 
only  to  the  working  of  pumps ;  for  since  its  application  to  the 
purposes  of  giving  motion  to  mill-work,  it  has  been  a  desi^ 
deratum  to  maintain  a  uniform  force  or  action  on  the  cranky  in 
order  to  produce  the  same  effect  on  the  fly.  When  the  engine 
was  first  applied  for  the  purpose  of  producing  rotative  motictn, 
it  had  not  the  advantage  of  a  double  stroke,  as  at  present ;  and 
the  mode  of  equalizing  the  strokes  was  by  a  rod  which  con- 
nected the  engme  and  the  mill  together,  or  a  weight  laid  o& 
that  end  of  the  lever.  This  mode^  when  apphed  to  the  old 
engine,  required  that  the  work  to  be  performed  by  it  was  nearly 
of  a  uniform  nature  during  the  time  of  its  action.  But  Mr. 
Watt  accommodated  this  circumstance  in  his  single  engine  by 
rendering  the  discharge  constant,  and  not  liable  to  be  affected 
by  any  variation  in  the  resistance,  and  checking  the  entrance  of 
steam  by  a  contrivance  that  prevents  the  plenum  valve  from 
opening  to  its  greatest  extent.  The  first  notice,  however,  of  a 
rotative  motion  being  communicated  by  the  steam-engine  was 
about  the  year  1778,  when  Mr.  Washbrough  obtaiaed  a  patent 
for  that  principle,  and  applied  it  at  his  own  works  for  turning 
lathes,  and  other  purposes. 

The  valve  by  which  the  air  is  discharged,  and  €iOed  the 
blowing  valve,  Mr.  H.  says,  was  not  apjHied  to  any  of  Mr. 
Watt's  engines  previous  to  his  going  into  Cornwall,  as  before 
that  time  this  operation  was  usually  performed  by  a  temporary 
brake  attached  to  the  discharging  pump.  Tbis  valve  was  first 
applied  by  Mr.  Hornblower  at  an  engine  on  a  mine  called  Ting 
Tong,  which  he  erected  for  the  proprietors,  ^nd  not  for  Messrs. 
Boulton  and  Watt,  as  has  been  stated. 

The  most  novel  circumstance  in  the  operation  of  Mr.  Watt' 
single  engine,  and  which  is  a  fine  accompaniment  of  the  improver'' 
principal  object,  is,  that  when  the  steam  has  acted  on  the  piston 
to  the  limits  of  the  stroke,  it  is  permitted  to  re-enter  the  cylinder 
below  the  piston.  "  It  generally  happens  in  engines  erected  tor 
pumping  water,  that  they  are  calculated  to  go  deeper  than  the 
present  bottom  of  the  mine;  and  therefore,  if  all  the  steam  which 
enters  the  cylinder  for  one  stroke  was  to  be  condensed,  the  en- 
gine would  act  with  its  whole  power,  and  the  effect  would  be  to 
destroy  itseh  :  on  which  accourit,  in  engines  thus  circumstanced, 
the  injection  is  to  be  stopped  long  before  the  termination  of 
the  siroke,  which  leaves  a  residuum  of  steam  at  the  bottom  of 
the  cylinder,  that  proves  an  effectual  banking  to  the  piston^ 
even  so  far  as  to  support  it  when  the  chains  to  which  it  b 
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appended  hare  become  <]uite  slack  by  the  momentam  given 
to  the  lever  during  the  action  of  the  steam  on  the  piston.  We 
believe  it  was  this  circumstance  that  indicated  to  Mr.  Watt  the 
advantage  of  shutting  off  the  steam  from  the  boiler  soon  after 
die  conmiencement  of  the  stroke.** 

As  the  valve  which  must  be  opened  at  each  succeeding  stroke 
of  the  engine,  in  order  to  secure  its  action,  is  kept  down  by  a 
weight  equal  to  the  pressure  of  the  atmosphere,  added  to  the 
elasticity  of  the  steam  above  that  pressure ;  and  it  is  necessary 
diat  this  valve  should  be  opened  as  quickly  as  possible;  in  large 
engines  it  requires  a  considerable  force  to  effect  it  in  such  a 
manner  as  not  to  impede  the  performance  of  the  engbe.  Mr. 
Homblower  says  that  it  was  suggested  to  Mr.  Watt  to  make  the 
valves  double,  by  placing  a  small  one  in  die  middle  of  the  larger, 
and  it  was  adopted,  but  the  difficulty  of  keeping  them  in  com* 
plete  repair  paused  the  method  to  be  given  up.  In  all  the  best 
engines  a  weight  or  spring  was  applied  for  the  purpose  of 
opening  this  v^ve.  But  Mr.  Jos.  Homblower  is  said  to  have 
constructed  this  valve  on  a  new  principle,  in  order  to  effect  this 
purpose  more  completely,  and  his  mode  is  here  preferred  to  any 
that  had  been  previously  in  use. 

Such  was  die  state  of  Mr.  Watt's  improvements  and  of  hit 
single  engine,  when  new  wants  gave  rise  to  new  inventions. 
Some  of  the  Cornish  miners  wished  to  carry  their  wofks  to  a 
greater  depth  than  could  be  conveniently  done  by  the  engines 
then  in  common  use,  and  Mr.  Watt  invented  his  double-stroke 
engine.  In  the  single  engine,  the  piston'  is  connected  to  the 
lever  by  chains  lying  on  the  arch  of  the  inner  end,  but  in  this  it 
must  be  connected  by  a  mode  that  will  render  the  rod  rigid  iu 
its  action  upward;  and  this  Mr.  Watt  has  effected  by  a  most 
ingenious  system  of  tiansverse  joints  which  compels  the  rod  to 
a  motion  parallel  to  itself.  At  the  other  end  of  the  lever  a  rod 
connects  the  motion  of  the  engine  to  a  fly,  by  the  application  of 
one  wheel  fixed  on  the  axis  of  the  fly,  and  another  on  the  rod 
that  is  connected  to  the  lever.  But,  as  simplicity  is  always  a 
desideratum  in  the  construction  of  machinery,  Mr.  Homblower 
gives  the  preference  to  a  simple  crank  with  a  fly  of  such  weight 
as  may  have  the  required  momentum  with  a  less  velocity. 

h  patent  was  taken  out  in  1781,  for  au  improvement  on  Mr. 
Watt's  single  engine  by  Mr.  Jonathan  Homblower  of  Penrhyn. 
This  improvement  consisted  in  obtaining  a  greater  power  by  a 
complicated  force  of  the  steam  than  could  be  obtained  by  its 
simple  action  in  the  common  mode.  This  is  effected  by  the 
use  of  two  cylinders  of  different  capacities.  And  Mr.  H.  after 
inquiring  into  the  effect  of  using  steam  according  to  each  of 
tliese  modes^  compares  the  results  together  as  follows :  '^  If  we 
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obtain  the  accumulated  pressure  by  taking  a  mean  of  tke 

extremes,  Mre  shall  find  Mr.  Watt's  applicatioif  to  be  —^ 

r:  20,  leaving  .12lbs.  at  die  termination  of  the  stroke.  The 
application  of  the  principle  in  the  present  instance,  by  taking 

24+ 18 

the  mean  of  the  extremes,  will  be  — ^ — ^=21,  leafing  18  at 

the  termination  of  the  stroke ;  which,  iii  point  of  itdvantage 
in  favour  of  the  double  cylinder,  is  as  S  to  2,  a  point  of 
no  small  magnitude  in  the  practical  application  of  this  prin- 
ciple, and  which  seems  to  nave  been  overlooked  by  all  those 
who  have  taken  up  the  subject/'  Mr.  Homblower  is  here 
•tated  to  have  entered  upon  tnis  project  in  the  year  1776,  and 
tontinued  it  until  he  had  made  a  large  working  model,  in  which 
die  cylinders  were  1 1  and  14  inches  in  diameter;  and  that  Mr. 
Wattes  use  of  the  expansive  valve  had  never  been  put  in  practice 
until  long  after  Mr.  Homblower  had  projected  (he  design  of 
his  double  engine.  This  gentleman  also  nad  another  patent 
granted  him  for  an  engine  having  a  rotary  motion  within  it- 
self, by  the  inunediate  action  of  steam  on  four  revolving  pbtons^ 
mounted  on  an  arbor  with  a  hollow  aicb. 

The  two  improvements  in  the  engine  mvented  by  Mr. 
Edmund  Cartwnsht,  are  a  tight  pistpn  and  a  condenser  from 
which  the  atmospheric  air  is  excluded.  Tliis  last  is  made  of  as 
thin  copper  as  the  nature  of  its  application  will  admit,  and  a 
large  external  surface  is  exposed  to  the  water  in  order  to  keep 
it  at  a  low  temperature,  so  that  when  the  steam  comes  in  contact 
with  it  internally  the  condensation  may  be  produced*  An  engine 
on  this  principle  erected  at  Horseley-down,  is  said  to  give  great 
satisfaction  to  its  proprietor,  and  to  perform  its  operations  effec- 
tually.     For  Mr.  Cartwrishi^s  rotary  motion,  see  6g.  4.  pi* 

xxni.  ... 

Mr.  Homblower  then  concludes  his  subject  with  observing 
that  "Mr.  Walt's  engine,  as  it  now  stands,  is  the  work  of  six- 
and-thirty  years,  and  we  may  hold  it  as  complete  in  its  kind  as 
it  possibly  can  be.  It  has  exercised  the  ingenuity  of  the  in- 
ventor, besides  frequent  accessions  from  the  ingenuity  of  other 
men:  various  pretensions  and  conceits  no  doubt  will  abound  to 
rival  its  excellenc}',  and  time  only,  the  arbiter  in  human  aflfairs, 
will  determine  their  fate.  We  would  rather  see  a  laudable 
competition  prevail  to  simplify  its  parts,  without  affcctiug  the 
principle,  either  by  reducing  their  number,  or  by  di.«:pensi»g 
with  their  costly  finish,  or  both,  that  it  may  come  within  the 
compass  of  the  middle  ranks  as  well  as  the  more  opulent;  and 
*®  '"?r,^'*^'5'^  ^^^  example  will  deserve  well  of  his  country.* 

5.  The  Edinburgh  Reviewer^  Account  ofSUam^figines.-- 
honour  of  inventing  the  steam-engine  is  ascribed  to  the 
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Marquis  of  Worcester,  as  the  first  idea  of  it  is  found  in  a  small 
Mrork,  entitled  "  A  Century  of  Inventions,"  published  by  him  in 
1 66  3y  and  consisting  of  brief  accounts  of  a  number  of  schemes 
relative  to  inventions  and  improvements,  which  h^d  at  various 
times  presented  themselves  to  his  mind.  What  relates  to  his 
contrivance,  which  has  obtained  the  appellation  of  steam-engine^ 
is  very  short  and  obscure ;  and  all  that  can  be  obtained  from  it 
is,  that  he  had  actually  had  a  machine  constructed  for  raising 
water  by  means  of  steam ;  but  in  what  place  or  manner  this  was 
effected  is  probably  not  to  be  ascertained*  It  is  supposed,  that 
the  force  of  this  engine  was  derived  solely  from  the'elastic  power 
of  steam,  and  that  the  condensation  of  steam  by  cold  constituted 
no  part  of  his  invention.  This  last  is  attributed  to  Captain  Sa- 
vary,  who  had  erected  several  engines  previous  to  the  year  1696, 
when  he  published  a  small  tract)  entitle^  "  The  Minerh  Friend  ** 
In  his  engines,  the  alternate  condensation  and  pressure  of  the 
steam  took  place  in  the  same  vessel  into  which  the  water  was 
first  raised  by  the  pressure  of  the  atmosphere,  and  then  expelled 
bj  the  elasticity  of  strong  steam. 

The  next  who  effected  any  essential  improvement  in  this  en- 
gine was  Newcomen ;  and  for  which  he  obtained  a  patent  in 
1705.  This  consisted  in  causing  the  steam  to  act  in  different 
vessels  from  those  in  which  the  water  was  raised;  and  employ- 
ing the  weight  of  the  atmosphere  for  the  purpose  of  pressure 
only,  while  the  air  was  displaced  by  means  of  sfteam,  and  a  va- 
cuum produced  by  condensation.  This  was  ik>  small  improve- 
ment, as  it  enabled  him  to  make  use  of  steam  of  much  less 
elasticity,  and  therefore  to  work  with  less  heat,  which  produced 
a  considerable  saving  in  the  expense.  To  him  this  engine  is 
indebted  for  the  introduction  of  the  steam  cylinder  and  piston, 
their  connexion  with  the  pump  by  means  of  the  main  lever  with 
its  rods  and  chains,  and  several  other  inventions  of  less  import- 
ance. 

In  this  state,  however,  the  engine  required  the  constant  at- 
tendance of  a  man  to  open  and  shut  the  cocks  by  which  steam 
and  cold  water  were  alternately  admitted,  until  Mr.  Henry 
Beighton,  in  1717,  invented  the  means,  or  at  least  perfected  the 
mechanism,  for  making  the  engine  perform  this  operation  itself. 
Several  other  of  its  parts  were  also  much  improved  by  him.  No 
farther  improvement  of  consequence  was  made  in  the  structure 
ef  this  engine  until  the  year  1764 :  it  still  continued  to  be  styled 
Newcomen's,  or  the  atmospherical  engine ;  and  was  still  subject 
to  many  imperfections.  The  steam  was  condensed  in  the  cylin- 
der ;  the  hot  water  was  expelled  by  the  force  of  the  steam ;  the 
piston  was  forced  down  by  atmospheric  pressure,  and  was  kept 
t^ht  by  being  covered  with  vyat^r ;  the  injection  cistern  was 
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considerably  elevated,  in  order  that  water  might  ettt^r  vicfa 
greater  force.  Expenence  had  proved  that  the  engine  could 
only  be  loaded  with  about  seven  pounds  for  each  scjuare  inch  of 
the  piston,  and  the  great  difference  between  this  weight  and  that 
of  the  atmosphere  was  supposed  to  be  occasioned  by  friction. 
The  quantity  of  fuel  necessary  to  evaporate  a  given  quantity  of 
water,  and  the  quantity  of  steam  produced  from  it,  were  idike 
unknown ;  and  M'hether  the  beat  of  steam  corresponded  exactly 
to  its  temperature,  as  well  as  the  proper  quantity  of  injection- 
water,  for  a  cylinder  of  certain  dimensions,  had  not  been  deter- 
mined. 

Mr.  Watt,  at  that  time  a  mathematical  instrument^roaker  at 
Gla8|;ow,  undertook  the  repair  of  the  motel  of  a  steam-engint 
pfthis  nature  belonging  to  the  university  of  that  city ;  and  is 
die  course  of  his  trials  with  it,  he  discovered  that  it  reqmred  a 
greater  quanti^  of  bmh  fuel  and  injection-water  in  proportion 
than  large  engines.    In  order  to  ascertain  the  cause  of  this  <fi& 
ference,  and  remedy  these  defects,  he  made  many  experiments 
relative  to  the  best  materials  for  making  cylinders ;  die  means 
of  producing  a  more  perfect  vacuum ;  the  heat  at  which  water 
bous  under  different  degrees  of  pressure ;  and  the  quanti^  of 
water  necessary  to  produce  a  given  bulk  of  steam  unaer  the  or- 
dinary pressure  of  the  atmosphere.    These  points,  as  well  as  the 
quantity  of  fuel  requisite  to  evaporate  a  given  quantity  of  water, 
and  the  quantity  of  cold  water  to  be  injected  at  each  condensi^ 
tion  of  the  steam,  being  determined  with  a  much  greater  degree 
of  precision  than  before,  the  cause  of  the  defects  in  Newcomen's 
engine  became  evident.    **  It  appeared  that  the  steam  could 
not  be  condensed  so  as  to  form  an  approximation  to  a  vacuum^ 
unless  the  cylinder,  and  the  water  it  contained,  were  cooled 
down  to  less  than  100^;  and  that,  at  'greater  degrees  of  heat, 
the  water  in  the  cylinder  must  produce  steam,  which  woutd  in 
part  resist  the  pressure  of  the  atmosphere.    On  the  other  hand, 
when  greater  degrees  of  exhaustion  were  attempted,  the  quan- 
tities of  injection-water  required  to  be  increased  in  a  very  great 
ratio ;  and  this  was  followed  by  a  proportionate  destruction  of 
steam  on  refilling  the  cylinder."     A  consideration  of  the^  cir- 
cumstances led  Mr.  Watt  to  conclude,  that  in  order  to  obtain 
the  most  perfect  vacuum  with  the  least  possible  waste  of  steam, 
it  was  necessary  that  the  cylinder  should  be  brought  to  a  teift- 
perature  of  less  than  100*,  and  that  no  steam  should  be  con- 
densed in  refilling  it.    Mr.  Watt  perceived,  that  to  effect  this 
the  cylinder  muitt  be  kept  always  as  hot  as  the  steam  by  wliidi 
it  was  filled ;  and  that»  by  opening  a  communication  betweea 
the  cylinder,  when  fiill,  and  ano£er  vessel  (which  he  calls  a 
condenser)  exhausted  of  air,  the  steam  would  rush  into  dke 
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xondenser  until  the  eaoilibriuiii  was  restored ;  and  that  If  a  suf- 
ficient quantit}'  of  cold  water  were  injected  into  the  condenser, 
,the  steam  it  contained  would  \>e  reduced  to  water,  and  no  more 
isteam  would  enter  until  the  condensation  was  complete.  The  ^ 
xondenser  l^e  emptied  of  itr  air  and  water  by  means  of  a  pump, 
which  is  known  by  the  common  name  of  the  air-pump.  Some 
defects  still  remain  to  be  remedied  in  Newcomen's  cylinder,  in 
^which  the  piston  was  kept  tight  by  means  of  water^  some  of 
which  paased  by  the  aides  of  the  piston,  aad  injured  the  vacuum 
^T  its  evaporation :  this  water^  as  well  as  the  atmospheric  air, 
also  reduced  the  iemperature  of  the  cylinder  considerably. 
-^^  Mr.  Watt  removed  these  defects,  by  applying  oils,  wax,  and 
fat  of  animals,  to  lubricate  his  |Hston  and  keep  it  tight :  he  put 
a  cover  on  his  cylinder  (with  a  hole  in  it  made  air  and  steam 
iight^  for  the  piston  rod  to  pass  through)^  and  employed  the  elas* 
^c  force  of  stean^  to  press  upon  the  piston;  he  also  surrounded 
the  cylinder  with  a  case  contiuning  steam,  or  a  case  of  wood,  or 
.of  other  non-conducting  substance,  which  would  keep  it  always 
pf  an  ecjuable  temperature.'^ 

The  miprovements  of  this  engine  being  carried  to  this  length 
ill  Mr.  Wattes  mind,  he  executed  a  working  model  in  the  year 
1 765,  which  fully  answjered  his  expectations.  It  worked  readily 
with  a  load  of  IQ}  lb.  for  each  square  inch  of  the  piston,  and 
jwas  even  capable  of  raising  14lb«  per  inch ;  and  required  only 
about  one  thi^  of  the  steam  that  was  necessary  in  the  common 
atmospheric  engine  to  produce  the  same  effect. 

Mr.  Watt  bavins  erected  an  engine  on  a  large  sc^Ie  for  Dr. 
Roebuck  of  Kinneil,  which  con^rmed  his  previous  expectations, 
and  in  yrhich  the  saving  of  fuel  exceeded  two  thirds  of  what  was 
used  in  Newpomen's  engines;  he  then  obtained  a  patent  for  his 
inventioi^  in  1769 ;  and  Dr.  Roebuck  became  associated  in  the 

Erospecits  which  it  opened*  Dr.  R.  however,  soon  disposed  of 
is  interest  in  ^e  concern  to  Mr.  Boulton,  the  founder  of  Soho 
ynanuf^ctory ;  and  the  business  of  constructing  steam-engines 
•oon  after  commenced  under  the  firm  of  Boulton  and  Watt 
In  rcduqng  his  inventions  into  practice  on  a  large  soale,  Mr. 
Watt  now  made  improveipents  in  several  of  the  parts  of  New- 
jcomen's  enginip.  He  caused  the  cylinders  to  be  bored  with  k 
grater  degree  of  precistY>n  thap  had  been  previously  done ;  ^*  he 
adopted  a  ne^  niode  qf  constructing  the  piston  said  screwing 
down  the  packing,  and  secured  die  rod  in  die  fnston  in  a  moi« 

Crfect  manner;  h^  introduced  puppet-valyes  into  the  steain- 
xes  or  nozles,  instead  pf  the  old  sliding  regulators ;  he  used 
bettev^  means  of  opening  these  valves,  and  added  various  imr 
DCOffements  in  the  working  gear;  he  suspended  the  working 
beaiHi  90  tfiat  the  centre  of  motion  was  below  the  centre  of 
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gravity,  instead  of  being  above,  as  in  the  old  engines ;  and  be 
improved  the  mode  of  setting  the  boilers  on  the  grates,  as  well 
as  the  apparatus  for  keeping  the  boilers  regularly  supplied  vntjtk 
ivater."  He  likewise  used  the  steam  in  some  of  his  early  reci- 
procating engines  to  act  expansively. 

The  next  object  that  engaged  Mr.  Watt's  attention  was  that 
of  applying  the  power  of  steam  to  produce  rotary  motion ;  and 
for  this  purpose  he  took  out  a  patent  for  a  steam- wheel  which 
he  had  invented ;  but  this  mode  was  abandoned  from  a  persua- 
sion that  this  motion  would  be  better  derived  from  the  motioa 
of  the  piston  in  the  reciprocating  engine.  This  kind  of  motion, 
however,  had  been  obtained  in  an  atmospheric  engine  erected 
at  Hartley  coalery,  in  Northumberland,  as  early  as  1768.  On 
one  end  of  the  beam  was  fixed  a  tooth  sector,  which  worked  into 
a  trundle,  and  this  last,  by  means  of  two  pinions  ¥with  ratchets 
wheels,  produced  a  rotative  motion  in  the  same  direction,  by 
both  the  ascent  and  descent  of  the  arch ;  and  by  changing  die 
position  of  the  rackets  the  motion  could  be  revereed.  This  en- 
gine worked  but  very  imperfectly. 

(n  1769,  a* patent  was  obtained  by  a  Mr.  Stewart,  for  ao  en- 
gine which  produced  a  rotative  motion,  by  a  chaiii  going  over  a 
pulley,  and  round  to  barrels  furnished  with  ratchet-wheels :  a 
weight  was  suspended  to  the  loose  end  of  this  chain,  for  the 
purpose  of  continuing  the  motion  during  the  return  of  the  engine. 
Mr.  Washbrough's  patent  mode  of  communicating  a  motion  of 
jtliis  nature,  by  the  reciprocating  strokes  of  the  steam-engine, 
was  virtually  the  same  as  had  been  previously  used  in  the  en- 
gine at  Hartley,  with  the  addition  of  a  fly ;  whK:h  was  now  used 
for  the  first  time,  but  which  had  been  previously  thought  of  by 
Mr.  Watt.  It  is  also  sfaid,  that  the  idea  of  communicating  ro- 
tative motion  from  the  beam  of  the  steam-engide,  by  means  of 
a  crank,  had  early  occurred  to  Mr.  Watt,  but  that  he  .did  not 
set  about  putting  it  in  practice  till  the  year  1778  or  1779,  when 
lie  had  a  mode)  made  for  that  piurpose,  which  performed  to  bis 
satisfaction ;  and  it  is  added,  that  a  workman^  who  had  been 
employed  on  the  model,  informed  the  persons  engaged  about 
one  of  Mr.  Washbrough's  engines  of  the  contrivance.  .  Mr« 
Watt  then  set  about  other  modes  of  producing  the  same  effect ; 
^'  and,  in  1781,  took  out  a  patent  for  several  new  methods  of 
applying  the  vibrating  or  reciprocating  motion  of  steam-engines 
to  produce  a  continued  rotative  motion  round  an  axis,  one  of 
which  was  that  beautiful  contrivance  of  the  revolving  motion  of 
one  wheel  round  another.  This,  however,  was  only  part  of 
what  Mr.  Watt  saw  to  be  necessary,  in  order  to  perfect  this 
application  of  the  steam-engine.  I'he  steam  had  hitherto  been 
used  only  to  press  down  the  piston,  which  was  returned  by  a 
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^iveight  at  the  opposite  end  of  the  beam,  so  that  the  power  of 
the  steam  may  be  said  to  have  been  inactive  during  that  period. 
Mr.  Walt  remedied  this,  by  applying  the  power  of  the  steam  to 
press  the  piston  down,  as  well  as  to  press  it  u^,  thus  forming 
alternately  a  vacaom  above  and  below  the  piston.  This  he 
called  the  double  engine;  and,  in  fact,  it  doubled  the  power  ex- 
erted within  the  same  cylinder.  He  had  long  had  in  his  mind 
the  idea  of  diis  improvement;  and  had  even  produced  a  draw- 
ing of  it  to  the  House  of  Commons  in  1774,  at  the  time  he 
procured  the  act  to  prolong  his  original  patent ;  but  the  first  he 
executed  was,  we  believe,  at  Soho,  in  tne  year  1781  or  1782, 
and  the  first  public  exhibition  of  it  at  the  Albion  Mills  a  few 
years  later. 

About  the  same  period,  finding  double  chains,  and  racks,  and 
sectors,  ver]^  inconvenient  for  communicating  the  motion  of  the 
piston-rod  to  the  angular  motion  of  the  beam,  he  invented  and 
applied  what  has  been  called  the  parallel  motion,  one  of  the 
most  ingenious  and  roost  perfect  contrivances  in  mechanics. 

•  To  prevent  irregularities  in  the  speed  of  th^  engine,  arising 
from  the  variations  in  the  (j^uantum  of  power  used  at  different 
intervals  in  the  works  to  which  it  was  applied,  he  made  an  ap» 
plication  of  the  centrifugal  force  of  what  is  called  the  governor 
(before  used  in  wind  and  water  mills),  to  regulate  the  admission 
of  the  steam ;  by  this  means  keeping  the  engine  always  at  a 
uniform  velocity,  and  diminishing  the  consumption  of  steam  in 
proportion  to  the  power  exerted ;  thus  giving  the  finishing  str<^ke 
to  the  perfection  of  the  motion  of  this  machine,  and  rendenng 
its  regularity  nearly  correspondent  with  that  of  the  pendulum  of 
a  clock. 

•  Observations. — In  the  perusal  of  these  accoimts  (sa^  the 
editors  of  the  Retrospect),  our  readers  will  perceive,  that  m  the 
former  of  them  are  mentioned  the  inventions  of  Mr.  Gamsbo- 
rougfa,  for  condensing  the  steam  in  a  separate  vessel;  of  Mr; 
Blakey,  for  employing  the  expansive  force  of  steam ;  of  Mr.  Jos« 
Homblower,  for  a  new  construction  of  the  valve  which  forms 
a  communication  between  the  boiler  and  the  cylinder;  of  Mr. 
Jonathan  Hornblower,  for  obtainii^  a  greater  power  by  a  com^ 
plicated  force  of  steam  in  an  engine  with  a  double  cylinder; 
and  of  Mr.  Edmund  Cartwright,  for  a  vacuous  condenser  and  an 
improved  method  of  packing  the  cylinder,  which  are  not  noticed 
in  the  latter.  In  the  last  an  account  is  given  of  the  original  'n^ 
▼ention  by  the  Marquis  of  Worcester ;  the  improvements  of 
Captain  Savary,  Newcomen,  and  Beigh^n;  and  of  the  rotary 
motion  at  Hartley  coalery,  and  of  Stewart's  patent  method  for 
the  same  purpose,  which  ^re  qot  ipserted  i|i  die  form^. 

Besides  the  differeqce  in  these  accouotSi  ipektive  to  the  invaDF- 


Digitized  by 


Google 


S92  MACHINES.  * 

tions  of  Mr.  Watt,  Mr.  Washbrough^  and  others,  the  Reriew- 
era,  in  dieir  animadversions  upon ''  the  view  which  Dr.  Gr^oiy 
and  his  associate  have  taken  of  the  ae^e  subject,"  observe,  re^ 
apecting  Mr.  Gainsborough's  iuvendou,  '*  it  is  quite  imp69aible 
that  Mr.  Watt*s  idea  of  condensing  b  a  separate  vessel  could  be 
derived  from  that  gentleman.  Mr.  Watt,  while  he  resided  at 
Glasgow  about  the  year  1764  or  1765,  invenjted  diat  method  of 
condensation.  Mr.  Gainsborough's  improvement,  whatever  if 
was,  was  posterior  by  more  than  twenty  years.''  Mr.  Hom^ 
blower  states,  relative  to  the  same  subject,  that  Mr.  Gainsbo- 
rough's *^  model  succeeded  so  well  as  to  induce  sraie  of  the 
Cornish  adventurers  to  send  their  engineer  to  examine  it^  and 
the  report  was  so  favourable  as  induced  an  intention  of  adoptl 
ing  it.  This,  hoWever,  was  soon  after  Mr.  Watt  had  his  act  of 
parliament  passed  for  the  extension  of  his  term  ;^and  he  had^ 
about  the  same  time?  (1774),  **  made  proposals  to  the  Cornish 
gentlemen  to  send  his  engine  into  that  country.  This  necesn- 
rily  brought  on  a  competition,  in  which  Mn  Watt  succeeded.*! 
And  he  also  adds,  '^  it  is  well  known  that  Mr.  Gainsborough 
opposed  the  petition  to  the  House  of  Commons  through  the 
interest  of  General  Conway."  How  this  statement,  and  the 
concluding  sentence  of  the  preceding  one,  can  be  reconciled 
with  each  other,  we  are  under  the  necessity  of  leaving  to  our 
readers  to  determine :  we,  however,  cannot  perceive  any  reason 
why  these  inventions  khould  not  have  taken  place  independently. 
When  speaking  of  the  engine  for  wliich  a  patent  was  taken 
out  in  1781  by  Mr.  Jonatlian  Hornblower,  of  Penrhyn,  the 
Reviewer  sa^s, ''  In  the  account,  however,  one  circumstance  is 
omitted,  which  is  very  material  in  the  history  of  this  engine,  m. 
that  in  the  year  17999  it  became  the  subject  of  an  action,  as  an 
infringement  of  Mr.  Watt's  patent ;  and  that'  the  miners,  who 
had  used  the  engines  of  this  construction,  paid  the  portion  of 
savings  in  fuel  claimed  by  Messrs.  Boulton  and  Watt  for  the 
use  of  their  invention,  rather  thau  risk  the  event  of  a  law-suit. 
It  should,  besides,  be  observed,  that  if  this  engine  merits  the 
eulogium  bestowed  upon  it,  it  seems  singular,  that  not  one  of 
the  kind  has  since  been  erected,  though  all  legal  obstructiooa 
were  removed,  by  the  expiration  of  Mr.  Watt's  patent  in  th^ 

Sar  1800.''  He  likewise  observes,  that  the  patent  granted  to 
essrs.  Murray  and  Wood  in  1801,  for  their*  invention  of  the 
Bozles  or  steam^valves,  atad  the  method  of  opening  diem,  was 
set  aside  in  1802  or  1803,  by  a  writ  of  icire  facias,  at  the  m^ 
stance  of  Boulton  and  Watt. 

To  this  abridgment  of  the  controversial  papers  on  the  his- 
tory of  steam-eraines,  it  may  be  proper  to  add,  that  when  the 
acconnt  of  the  £ii»burgh  Reviewers  was  publislied,  Mr.  Honh 
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blower  wts  abroad*  Aa  soon  as  be  pw  it,  he  complained  of  its 
^  gross  partiality  and  inaccuracy/'  and  meant  to  reply  to  it;  bat 
was  prevented  by  death.  We  shall  now  proceed  to  describe  a 
few  approved  constructions,  beginning  with  that  of  Mr.  Watt, 
of  which  a  most  perspicuons  account  has  been  given  by  Dr. 
Brewster,  as  follows. 

6,  fVait'i  Steam-engine. — Referring  to  pi.  XXX.  cd  i^  the 
boiler  in  which  the  water  is  convertecf  into  steam  by  the  heat  qF 
die  furnace  d.  It  is  sometimes  made  of  copper,  but  more  fre* 
quently  of  iron :  its  bottom  is  concave,  and  the  flame  is  made  to 
circulate  round  its  sides,  and  is  sometimes  conducted  by  means, 
of  filues  even  through  the  middle  of  the  water,  so  that  as  great  a 
surface  as  possible  may  be  exposed  to  the  action  of  the  fire.  In 
some  of  Watt's  engines  the  fire  contained  in  an  iron  vessel  was 
introduced  yito  the  middle  of  the  water,  and  the  outer  boiler 
was  formed  of  wood,  as  being  a  slow  conductor  of  heat.  When 
the  furnaces  are  constructed  in  the  most  judicious  manner,  eight 
square  feet  of  the  boiler's  surface  must  be  acted  upon  by  the 
fire  or  the  flame,  in  order  to  convert  one  cubic  foot  of  water 
into  steam,  in  die  space  of  an  hour.  When  fire  is  applied 
to  the  boiler,  the  water  is  not  converted  into  steam  till  it  has 
rtoched  the  temperature  of  212^  of  Fahrenheit,  or  the  boiling 
point  And,  indeed,  when  the  water  is  pressed  by  air  or  steam, 
more  condensed  than  the  atmosphere,  a  temperature  greater 
than  212**  is  necessary  for  the  production  of  steam:  but  the 
beat  requisite  for  this  purpose  increases  in  a  less  ratio  than  the 

eressure  to  be  overcome.  The  steam  which  is  produced  in  the 
oiler  is  about  1 800  times  rarer  than  water,  and  is  conveyed 
through  the  steam  pipe  ce,  into  the  cylinder  g,  where  it  acts 
upon  the  piston  g,  and  communicates  motion  to  the  great  beam 
AB.  But  before  we  trace  the  mode  of  transmitting  this  motion, 
we  muit  describe  the  very  ingenious  method  employed  by  Mr. 
Watt^for  supplying  the  boiler  regularly  with  water,  and  pre« 
aervhig  it  at  the  same  level  op ;  a  circumstance  which  b  abso* 
lately  necedsary,  that  the  quantity  and  elasticity  of  the  steam  in 
the  boiler  mat  be  always  the  same.  The  small  cistern  « ,  placed 
ybove  the  boder,  is  supplied  with  water  from  the  hot  well  A,  by 
ineans  of  the  pumf)  z,  and  the  pipe/.  To  the  bottom  of  thiis 
ciitem  is  fittea  the  pipe  ur,  which  is  immersed  in  the  watei^^p, 
tod  is  bent  at  its  lower  extremity,  in  order  to  prevent  the  en-* 
trance  of  the  rising  steam.  A  crooked  arm  ttdf,  attached  to  the 
side  of  the  cistern  u,  supports  the  small  lever  a^l/  which  moves 
upon  df  38  tL  centre.  The  extremity  b'  of  this  lever  carries,  by 
means  of  the  wire  l/p,  a  stone  or  piece  of  metal  p,  which  hangs 
'  jnst  bdow  the  surface  of  the  water  ki  the  boiler,  and  the  other 
extreaiity  of  is  connected  b^  die  vrire  tf^ti  with  a  valve  at  the 
bottom  of  the  cistern  u,  which  covers  the  top  of  the  pipe  ur» 
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Now,  it  is  a  maxim  in  hydrostatics,  that  when  a  heavy  Ibody  is 
suspended  in  a  fluid  it  loses  as  much  of  its  weight  as  is  equsd  to 
that  of  the  quantity  of  fluid  which  it  displaces.  When  the  water 
or,  therefore,  is  diminished  hy  the  conversion  of  part  of  it  into 
steam,  the  upper  surfiice  of  the  body  p  will  be  above  the  fluid, 
and  its  weight  will  consequently  be  mcreased,  in  proportion  to 
the  quantity  of  the  body  that  is  not  immersed.  By  this  addi- 
tion to  its  weight  the  stone  r  will  cause  the  ettremity  b'  of 
the  lever  to  descend ,  and,  in  consequence,  by  elevating  the  arm 
da'y  will  open  the  valve  at  the  top  of  the  pipe  7(r,and  thus  m- 
dually  introduce  a  quantity  of  water  into  the  boiler,  equal  to 
that  which  was  lost  by  evaporation.  This  process  is  continu- 
ally going  on,  while  the  water  is  converting  into  steam :  and  it 
is  evident  that  too  much  water  can  never  be  introduced  ;  for  as 
soon  as  the  surface  of  the  water  coincides  with  the  surface  of 
the  body  p,  it  recovers  its  former  weight,  and  the  valve  at  u 
shuts  the  top  of  the  pipe  ur. 

,  In  order  to  know  the  exact  height  of  the  water  in  the  boiler, 
two  cocks  k  and  /  are  employed,  the  first  of  which  reaches  to 
within  a  little  of  the  height  at  which  the  water  would  stand, 
and  the  other,  /,  reaches  a  very  little  below  that  height.  If  the 
water  stands  at  the  desired  height,  the  cock  k  being  opened, 
will  give  out  steam,  and  the  cock  /  will  emit  water,  in  conser 
quence  of  the  pressure  of  the  superincumbent  steam  on  the 
Mater  op,  but  if  water  should  issue  from  both  cocks,  it  will  be 
too  high  in  the  boiler ;  and  if  steam  issues  from  both,  it  will  b% 
too  low. 

As  there  would  be  great  danger  of  the  boiler's  bursting  if  the 
steam  should  become  too  strong,  it  is  furnished  with  the  safety 
valve  Xf  which  is  so  loaded,  that  its  weight,  added  to  that  of  the 
atmosphere,  may  exceed  the  pressure  of  the  interior  steam, 
when  of  a  sufficient  strength.  As  soon  as  the  expansive  force 
so  far  increases  as  to  become  dangerous  to  the  boiler,  its 
pressure  preponderates  over  the  pressure  of  the  atmosphere 
and  the  safety  valve :  the  valve  therefore  opens,  and  the  steam 
escapes  from  the  boiler,  till  its  strength  is  sufficiently  diminished, 
and  the  safety  valve  shuts  by  the  predominance  of  its  pressure 
over  that  of  the  interior  steam.  By  opening  the  safety  valve  the 
engine  may  be  stopped  at  pleasure :  and  to  efiect  tins,  a  sraal 
rectangular  lever,  with  equal  arms,  b  fixed  upon  the  side  of  the 
valve,  and  connected  with  its  top;  to  one  of  these  arms  a  chain 
is  attached,  which  passes  over  a  pulley,  from  a  horizontal  to  a 
vertical  direction,  so  that  by  puUmg  it  the  valve  is  opened,  and 
the  machine  stopped. 

From  the  dome  of  the  boiler  proceeds  the  steam-pipe  CB, 
which  conveys  the  steam  into  the  top  of  the  cylinc^er  g  by  means 
of  the  steam-valve  a,  and  into  the  bottom  of  the  cylinder  by 
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means  of  the  valve  c.    The  branch  of  the  pipe  which  extends 
from  a  to  c  is  cut  off  in  fig.  1,  in  oo'der  to  show  the  valve  6,  but 
-is  distinctly  visible  in  fig.  2,  which  is  a  view  of  the  pipes  and 
valves  in  the  direction  fm.    The  cylinder  g  is  sometimes  in- 
closed in  a  wooden  case,  in  order  to  prevent  it  from  being 
cooled  by  the  ambient  air ;  and  sometimes  in  a  metallic  case, 
^that  it  may  be  surrounded  and  kept  warm  by  a  quantity  of  steam 
%vhich  is  brought  from  ihe  steam-pipe  EC,  through  the  pipe  eg, 
by  turning  a  cock.    It  is  generally  thought,  however,  that  little 
benefit  is  obtained  by  encircling  the  cylinder  with  steam,  as  the 
quantity  thus  lost  is  almost  equal  to  what  is  destroyed  by  the 
coldness  of  the  cylinder.     After  the  steam,  which  was  admitted 
above  the  piston  q  by  the  valve  a,  and  below  it  by  the  valve  c, 
has  performed  its  respective  offices  of  depressing  and  elevating 
the  piston,  and  consequently  the  great  beam  ab,  it  escapes  by 
the  eduction  valves  b  and  d^  fig.  1  and  2j  into  the  condenser  f, 
Mrhere  it  is  converted  into  water  by  means  of  a  jet  playing  in  the 
inside  of  it.    The  water  thus  collected  in  the  condenser  is  car- 
ried off,  along  with  the  air  which  it  contains,  into  the  hot  well  A, 
by  the  air-pump  e,  which  is  wrought  by  the  piston  rod  tm,  at- 
tached to  the  great  beam  ab.     From  the  hot  well  A  this  water 
IS  conveyed  by  the  pump  z  and  the  pipefinto  the  cistern  «,  for 
the  purpose  of  supplying  the  boiler.    The  water  w  which  ren- 
ders air-tight  the  pump  e,  and  supplies  the  jet  of  water  in  the 
condenser,  is  furnished  by  the  pump  ^,  which  is  worked  by  the 
great  beam.     The  steam  and  eduction  valves  a,  r,  6,  dy  are 
opened  and  shut  by  the  spanners  am,  rfM,  cn,  An,  whose  handles 
M  and  n  are  moved  by  the  plugs  1 ,  2,  fixed  to  tn  the  piston  rod 
of  the  air-pump.     This  part  of  the  machinery  has  been  called 
the  working  gear;  and  is  so  constructed  that  the  steam  and 
eduction  valves  can  be  worked,  either  by  the  hand  or  by  the 
piston  of  the  air-pump.    The  piston  rod  r,  which  moves  the 
piston  jT,  passes  through  a  box  or  collar  of  leathers  fixed  in  a 
strong  metallic  plate  on  the  top  of  the  cylinder.     The  rod  is 
turned  perfectly  cylindrical,  and  is  finely  polished  in  order  to 
prevent  any  air  from  passing  by  its  sides.     The  top  v  of  the 
piston  rod  R  is  fixed  to  the  machinery  tv,  which  is  called  the 
parallel  joint,  and  is  so  contrived  as  to  make  the  rod  vr  ascend 
and  descend  in  a  vertical  or  perpendicular  direction.  When  the 
lever  or  beam  rises  into  its  present  position  from  a  horizontal 
one,  the  piston  rod  vk  has  a  tendency  to  move  towards  jtt,  and 
would  move  towards  it  were  the  bar  /xy  fixed  in  \X»  present  po- 
sition ;  for  while  the  point  v  rises,  the  bar  ftv  also  rises,  at  the 
same  time  the  angle  Vju.y  increases,  and  likewise  the  angle  Av/b&, 
so  that  the  vertex  v  of  the  angle  Xvft  would  move  towards  t. 
The  barftK^  however,  is  not  at  rest,  but  moves  round  the  fixed 
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foinjt  y,  and  rifles  alpng  w^t^  the  }K>mt  v;  wb3e  /ti^,  therefore, 
hses  upon  r  as  a  centre,  the  adjoining  bar  fi^T  moves  roand  the 
poiut  T  towaj'ds  v,  the  ^ngle  T|4y  increases;  and  tjbe  point  ^  ap» 
proaches  to  v,  and  keeps  vr  in  a  perpendicular  position,  so  diat 
'whatever  tendency  the  point  y  has  towards  T  by  the  iQcrease  of 
the  angle  ?^Vfu,  if  h^  ai>  equal  tendency  in  the  .contrary  directioQ, 
by  the  increase  of  the  ansle  Tf^v :  but  as  the  beain  ab  falls  into 
a  horizontal  position,  all  tl\ese  motions  are  reversed*  Wfajef 
ihe  pistoi[i  rod  ve  rubs  most  upon  the  side  of  the  collar  of  lea- 
thers nearest  to  a,  the  fixed  point  y  must  be  shifted  a  little  i^ 
the  contrary  direction,  viz.  to  the  right-hand  of  r.  That  the 
nature  o/.this  parallel  joint  mfiy  be  better  pnderstood^  it  may  be 
proper  to  observe,  that  all  tlie  bars  which  have  been  mentioned 
are  double,  as  may  be  seen  in  the  figure^  that  they  move  ronn^ 
points  at  A,  t,  v,  fi,  and  r ;  and  that  the  two  bars  between  ft  an^ 
y  move  between  the  bars  at  fA^r* 

In  the  steam  engines  of  Newcon^en  and  l^eightpn,  whm  die 
piston  was  raised  merely  by  a  counterweight  at  the  extremity  a 
of  the  ^reat  beam,  the  piston  rod  was  connected  with  its  othe^ 
extremity  by  means  of  a  chain  bending  round  the  arcl^  of  f 
circle  fixed  at  b  ;  but  in  Mr.  Watt's  improved  engines  ^ith  f 
double  stroke,  m  which  the  piston  receives  a  strong  impulse 
upwards  as  well  as  downwaras»  the  chain  would  slacken,  and 
could  not  communicate  motion  to  the  beam*'  An  inflexible^ 
rod,  therefore,  must  be  employed  for  connecting,  the  piston  wid| 
the  beam,  or  the  piston  must  be  suspended  by  double  chainf 
like  diose  of  engines  for  extinguishing  fire.  In  some  of  Mr. 
Watt's  efigines  the  latter  of  these  methods  was  adopted:  be 
th^n  employed  a  toothed  rack  working  in  a  toothed  sector  fixe4 
at  B,  and  afterwards  fell  upon  the  very  superior  metho^  which 
we  have  now  been  describing. 

All  the  engiiTes  which  were  construcjted  befpre  the  time  of 
Mr.  Watt  were  employed  merely  for  raising  water,  and  were 
never  used  as  the  first  movers  of  machinery ;  except  indeed  thai 
Mr.  R.  Fitzgerald  published,  in  die  Transactions  of  the  Royal 
Society,  a  method  of  converting  the  irregular  motion  of  the 
beam  into  a  continued  rotatory  motion,  bv  m^ana  of  a  crank 
and  a  train  of  wheel-work  connected  with  a  large  and  massy  flyj 
which,  by  accumulating  the  pressure  of  the  machine  during  the 
working  stroke,  urged  round  the  machinery  dunng  the  returning 
stroke,  when  there  is  no  force  pressii^  it  forward.  For  this  new 
and  mgenious  contrivance,  Mr.  Fitzgendd  received  a  patent 
and  proposed  to  apply  the  steam  engine  as  the  moying  power 
of  every  kind  of  machinery,  but  it  does  not  appear  that  any  nulls 
were  erected  under  this  patent.  In  carder  to  convert  the  reci- 
procating motion  of  the  beam  into  a  circular  notion,  ifr.  Walt 
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£xed  a  strong  and  inflexible  rod  AU  to  the  extremity  of  the  great 
beam.  To  Uie  lower  end  of  this  rod,  a  toothed  wheel  u  is  fast- 
ened by  bolts  and  straps,  so  that  it  cannot  move  round  its  axin. 
IThis  wheel  is  connected  with  another  toothed  wheel  s  of  the 
same  size,  by  means  of  iron  bars,  which  permit  the  former  to 
revolve  round  the  latter,  but  prevent  them  from  quitting  each 
other.  This  apparatus  is  called  the  sun  and  planet  wheeb,  from 
the  similarity  of  their  motion  to  that  of  die  two  luminaries.  On 
the  axis  of  the  wheel  s  is  placed  the  large  and  heavy  fly  wheel  p, 
which  regulates  the  desultory  motion  of  the  beam.  When  the 
extremity  k  of  the  great  beam  rises  from  its  lowest  position,  it 
will  bring  along  with  it  die  wheel  u,  and  cause  it  to  revolve  upon 
the  circumference  of  the  whed  s,  so  that  the  interior  part  of  the 
former,  or  the  part  next  the  cylinder^  will  act  upon  the  exterior 
|>art  of  the  latter,  or  the  part  farthest  from  the  cylinder,  and  put 
It  in  motion  along  with  the  fly  f.  After  the  wheel  u  has  got  to 
the  top  of  the  wheel  s,  the  end  a  of  the  beam  will  have  reached 
its  highest  positbn,  and  the  wheel  s,  along  with  the  fly,  will  hav# 
performed  one  complete  revolution*  When  the  wheel  u  passes 
from  the  top  of  s  into  its  former  position  below  it,  the  extremity 
A  of  the  beam  will  also  descend  from  its  highest  to  its  lowest 
position,  so  that  for  every  ascent  or  descent  of  the  piston  or  the 
great  beam,  the  planet  wheel  u  will  make  one  turn,  while  the 
tun  wheel  and  fly  will  perform  two  complete  revolutions. 

When  the  steam  engine  b  employed  to  drive  machinety  in 
which  die  resistance  is  very  variable,  and  where  a  determinate 
irelocity  cannot  properly  be  dispensed  with,  Mr.  Watt  has  applied 
a  conical  pendulum,  which  is  represented  at  nWf  for  procuring 
an  uniform  velocity.  This  regulator  consists  of  two  heavy 
balls  iMii,  suspended  by  iron  rods  which  move  in  joints  at  the 
top  of  the  vertical  axis  op,  and  is  put  in  motion  by  the  rope  oo 
which  passes  over  the  pulleys  o,  o,  and  round  the  axb  o  of  the 
fly.  Since  the  velocity  of  the  fly  and  sun  wheel  increases  and 
diminishes  with  the  quantity  of  steam  that  is  admitted  into  the 
cylinder,  let  us  suppose  that  too  much  is  admitted, — then  the 
velocity  of  the  fly  will  increase,  but  tbe  velocity  of  the  vertical 
axis  op  will  also  increase,  and  the  balls  mn  will  recede  from  the 
axis  by  the  augmentation  of  their  centrifugal  force.  By  thist 
recesa  of  the  balls,  the  extremity  p  of  the  lever  ps^  moving  upon 
J/  as  a  centre,  b  depressed,  its  other  extremity  s  rises,  and  by 
forcing  the  cock  at  a  to  close  a  little,  diminishes  the  supply  of 
steam*  The  impelling  power  being  thus  diminbhed,  the  velo> 
dty  of  the  fly  and  the  axis  op  decreases  in  proportion,  and  the 
balls  m,  n,  resume  their  former  position. 

In  Mr.  Watt's  improved  engine,  tiie  steam  and  eduction 
'Valves  are  all  puppet  clacks.    One  of  the»e  valves,  aud  the 
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method  of  opening  and  shutting  it^  is  represented  in  Ag.  3  of 
Plate  XXX.  Let  it  be  one  of  the  eduction  valves,  and  let  km. 
be  part  of  the  pipe  which  conducts  the  steam  into  the  cylinder^ 
and  MM  the  superior  part  of  the  pipe  which  leads  to  the  con- 
denser. At  O0|  the  seat  of  the  valve,  a  metallic  ring,  of  whieh 
nn  is  a  section,  is  fitted  accurately  into  the  top  of  the  pipe  mm^ 
and  is  conical  on  the  outer  edge,  so  as  to  suit  the  conical  part 
of  the  pipe.  These  two  pieces  are  ground  together  with  emery, 
and  adhere  very  firmly  when  the  contiguous  surfaces  are 
oxydated  or  rusted.  The  clack  is  a  circular  brass  plate  m, 
with  a  conical  edge  ground  into  the  inner  edge  of  the  ring  rm, 
so  as  to  be  air«tight,  and  is  furnished  with  a  cylindrical  tail  mp, 
which  can  rise  or  fall  in  the  cavity  of  the  cross  bar  nn.  To 
the  top  of  the  valve  m  a  small  metallic  rack  mF  is  firmly  fasten- 
ed, which  can  be  raised  or  depressed  by  the  portion  e  of  a 
toothed  \^heel^  moveable  upon  the  centre  i>.  The  small  circle 
D  represents  a  section  of  an  iron  cylindrical  axis,  whose  pivots 
move  in  holes  in  the  opposite  sides  of  the  pipe  a  A.  Its  pivots 
are  fitted  into  dieir  sockets,  so  as  to  be  air-tight ;  and  the  ad- 
mission of  air  is  farther  prevented  by  screwing  on  the  outside 
of  the  holes  necks  of  leather  soaked  in  rosin  or  melted  tallow. 
One  end  of  this  axis  reaches  a  good  way  without  the  pipe  aa, 
and  carries  a  handle  or  spanner  &n,  which  may  be  seen  in  fig. 
1,  Plate  XXX.  and  which  is  actuated  by  the  plugs  1, 2,  of  the 
rod  TN.  When  the  plug  2,  therefore,  elevates  the  extremity  of 
the  spanner  Ni^,  during  the  ascent  of  the  piston-rod  tn,  the  axle 
D,  Plate  XXX.  fig.  3,  is  put  in  motion,  the  valve  m  is  raised 
by  means  of  the  toothed  racks  s  and  f,  and  the  steam  rushes 
through  the  cavity  of  the  circular  ring  nn,  by  the  sides  of  the 
cross  piece  of  metal  oo,  nn.  When  the  vahre  needs  repair, 
,  the  cover  b,  which  is  fastened  to  the  top  of  the  valve  box  by 
'  means  of  screws,  can  easily  be  removed. 

Having  thus  described  the  different  parts  of  the  most  im- 
proved steam  engine,  it  will  be  proper  to  attend  to  the  mode  of 
Its  operation.  Let  us  suppose  that  the  piston  is  at  the  top  of 
the  cylinder,  as  is  represented  in  the  figure,  and  that  the  upper 
steam  valve  a,  and  the  lower  eduction  or  condensing  valve  d, 
are  opened  by  means  of  the  spanner  m,  while  the  lower  steam 
valve  c,  and  the  upper  eduction  valve  b,  are  shut;  then  the 
steam  in  the  boiler  will  issue  through  the  steam  pipe  cb,  and 
the  valve  a,  into  the  top  of  the  cylinder,  depress  the  piston, 
by  its  elasticity,  to  the  very  bottom.  But  when  the  piston^  is 
brought  to  the  bottom  of  the  cylinder,  and  the  extremity  b  of 
the  great  beam  is  dragged  down  by  the  parallel  joint  TV,  its 
other  extremity  a  rises,  and  the  wheel  u  havmg  passed  over  half 
of  the  circumference  of  s,  will  have  urged  forward  the  fly- 
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\vheel  F,  atld  donseqiiemly,  die  machinery  attturhed  to  it,  one 
complete  revolution*     When  the  piston  q  has  reached  the  bot- 
tom of  the  cylinder/ the  piston-rod  tn  of  the  air-pump,  by  the 
pressure  of  the  plug  i  upon  the  spanner  m  h^s  shut  the  steam 
▼alire  a  and   the  eduction  valve  d^  while  the  plug  2  has,  "foy 
meatis  of  the  spanner,  opened  die  eduction  valve  b,  and  the 
steam  valve  c.     The   steam,   therefore^  which  is  above  the 
piston,  rushes  through  the  eduction  valve  b  into  the  condenser  z, 
-where  it  is  converted  into  water  by  the  jet  in  the  middle  of  it, 
and  by  the  coldness  arising  from  the  surrounding  fluid  w,  while^ 
at  the  same  time,  a  new  quantity  of  steam  from  the  boiler 
issues  through  the  open  steam  valve  c,  into  the  cylinder,  forces 
up  the  piston,  and,  by  raising  one  end  of  the  working  beam,  and 
depressing  the  oAer,  makes  the  wheel  v  describe  the  other 
semi-circumference  of  s,  and  causes  the  fly  and  the  machinery 
on  its  axis  to  perform  another  complete  revolution.    As  the 
plugs  1,  2,  ascend  with  the  piston  q^  they  open  or  shut  the 
steam  and  eduction  valves,  and  the  operation  of  the  engine  may 
be  thus  continued  for  any  length  of  time. 

•  From  this  brief  description  of  the  ^team  engine>  the  reader 
will  be  enabled  to  perceive  the  nature  and  appreciate  the 
▼alue  of  Mr^  Watt's  improvements*  It  had  hitherto  been  the 
pntctice  to  condense  the  steam  in  the  cylinder  itself,  by 
the  injection  of  cold  water :  but  the  water  which  is  injected  ac** 
quires  a  considerable  degree  of  heat  from  the  cylinder,  and 
being  placed  in  air,  highly  rarefied,  part  of  it  is  converted  into 
steam,  which  resists  the  piston,  and  diminishes  the  power  of 
the  engine.  When  the  steam  is  next  admitted,  part  of  it  is 
converted  into  water  by  coming  in  contact  with  the  cyUnder, 
Mrhich  is  of  a  lower  temperature  thau  the  steam,  in  conse- 
quence of  the  destruction  of  its  heat  by  the  injection  water. 
By  condensing  the  steam,  therefore,  in  the  cylinder  itself,  the 
resiststnce  to  idie  piston  is  increased  by  a  partial  reproduction 
of  this  elastic  vapour,  and  the  impelling  power  is  diminished 
by  a  partial  destruction  of  the  steam  which  u  next  admitted. 
Both  these  inconveniences  Mr.  Watt  has  in  a  great  measure 

J  avoided,  by  using  a  condenser  separate  from  the  cylinder,  and 
encircled  with  cold  water*;  and  by  surrounding  the  cylinder 
with  a  wooden  case,  and  interposing  light  wood  ashes,  in  order  to 
prevent  its  heat  from  being  abstracted  by  the  ambient  air. 

*  The  greatest  of  Mr.  Watt's  improvements  consists  in  his 

*  Even  in  Mr.  Watl*s  best  engines,  ^  very  small  quantity  of  steani  re- 
iftains  in  the  cylinder,  havine  the  temperature  of  the  hot-well  p,  or  of  the 
ivaicr,  into  which  the  ejected  steam  is  converted.  Its  pressure  is  indicated 
b)'  a  barometer,  which  Mr.  Watt  has  ingeniously  applied  to  his  engines 
for  exhibiting  the  state  of  the  vacuum. 
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employing  the  steam  both  to  elevate  and  depress  the  fiiUnL 
In  the  engiQes  of  Newcomen  and  Beigfatoni  the  steam  was  not 
the  impelling  power,  it  was  used  merely  for  producing  a  vacuoai 
below  the  piston,  which  was  forced  down  by  the  pressure  of 
the  atmosphere,  and  elevated  by  the  counter-weight  at  the  far- 
ther extremity  of  the  great  beam.    The  cylinder,  therefore,  iras 
eiposed  to  the  external  air  at  every  descent  of  the  piston,  and 
a  considerable  portion  of  its  heat  being  thus  abstracted,  a  cor- 
responding Quantity  of  steam  was  of  consequence  destroyed* 
In  Mr.  Watt's  engines,  however,  the  external  ai^b  excluded  by 
a  metal  plate  at  the  top  of  the  cylinder,  which  has  a  hole  in  it 
for  admitting  the  piston  rod ;  and  the  piston  itself  is  raised  mad 
depressed  merely  by  the  force  of  steam^ 

When  these  improvements  are  adopted,  and  the  ei^ne  coo^ 
ttructed  in  the  most  perfect  manner,  there  is  not  above  i  part  of 
the  steam  consumed  in  heating  the  apparatus ;  and,  dierefore, 
it  is  impossible  that  the  engine  can  be  rendered  f  more  power- 
ful than  it  is  at  present.  It  would  be  very  desirable,  however, 
that  the  force  of  the  piston  could  be  properly  communicated 
to  the  machinery  without  the  intervention  of  ti>e  great  beam. 
This,  indeed,  has  been  attempted  by  Mr.  Watt,  who  has  ea* 
ployed  the  piston-rod  itself  to  drive  the  machinery;  and  Mr. 
Cartwright  has,  in  his  engine,  converted  the  perpendicalar  mo* 
tion  of  the  piston  into  a  rotatory  motion,  by  means  of  two 
cranks  fixed  to  the  axis  of  two  equal  wheds  which  woric  in 
each  other.  Notwithslnndiog  the  simplicity  of  these  methods, 
none  of  them  have  come  into  general  use,  and  Mr.  Watt  still 
prefers  the  intervention  of  the  great  beam,  which  is  generally 
wade  of  hard  oak,  with  its  heart  taken  out,  in  order  to  prevent 
it  from  wtirping.  A  considerable  quantity  of  power,  however, 
is  wasted  by  dragging,  at  every  stroke  of  the  piston,  such  a 
oass  of  matter  from  a  state  of  rest  to  a  state  of  nu>tion,  and 
then  from  a  state  of  motion  to  a  state  of  rest.  To  prevent  this 
loss  of  power,  a  light  frame  of  carpentry  has  been  employed  by 
several  engineers  instead  of  the  solid  beam.  Cast  iron  beams 
have  been  adopted  with  great  success.    {Brewster* s  Fergyion.) 

1.  PI.  XXXI*  lig.  1,  represents  a  Steam-bnginb,  erected 
in  1802,  by  Messrs.  Murray  and  Wood  of  Leeds,  for  Framu 
Brewin,  esq.  at  his  tan-yard  in  Willow  Walk,  Bermond^y; 
and  fig.  2.  represents  some  parts  on  ,a  lai]ger  scale :  a  a  is  die 
shaft  lor  conveying  the  power  of  the  engine  to  work  a  bark- 
mill  and  several  pumps.  The  steam  from  the  boiler  enters 
through  Ae  pipe  b  into  the  assemblage  of  pipes,  technically 
ttrmed  nossels  or  valve^boxes,  represented  sepiairately  in  fig.  3, 
M  hich  contain  die  valves  for  distributing  the  steam  at  proper  in- 
tervals into  the  cyhuder  cc,  and  letting  thr  same  off  again 
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lo  dMB  tdodeiiser  m.  Hie  cylinder  cc,  which  is  cased  lAA 
^90od  to  keep  in  the  heat,  has  a  solid  piston  moving  in  it^ 
tirbose  polished  pisfofi^cHJ  0  passes  diroogh  a  stufling-box ;  thd 
tipright  motion  of  this  rod  is  converted  into  a  rotary  one  by  di^ 
following  contrivance :  the  circular  rim  B,  three  feet  diameter^ 
with  seventy-two  teeth  on  the  inside;  is  fittnly  fixed  and  sus^ 
pended  from  the  floor,  by  two  cast-iron  piHibs  Ft  atid  braced 
1.L;  the  small  wheel  o,  of  eighteen  inches  diameter  and  thihy* 
m%  teeth,  is  made  to  revolve  withii^side  of  the  rirft,  so  as  al- 
'^mys  to  touch  the  teeth  by  a  pin  (the  end  of  wfaitrh-is  represent- 
ed in  the  centre  of  the  M*heel  o) ,  firmly  fixed  on  the  Ivheel  h^ 
parallel  to  its  axis  a  a,  with  which  it  always  moves ;  and  tiihe 
niches  from  its  centre,  on  the  circumference  of  die  wheel  g,  is  a 
bolt  I,  screwed  on  perpendicular  to  its  plane,  in  such  a  place, 
that  when  the  wheel  G  is  at  ibe  bottom  of  the  rim  E,  the  bolt  is 
on  the  lowest  tooth;- and  when  the  small  wheel  is  at  the  top  o^ 
the  rim,  it  is  on  the  highest:  to  this  bolt  the  piston-rod  d  and 
the  air*pump-rod  k  are  attached,  and  the  tops  of  these  rods,  by 
movmg  up  and  down  in  right  lines,  passing  through  the  axid  of 
the  vdieel  H,  will  commumcatea  rotatory  motion  to  that  whe^l; 
and  all  on  the  same  shaft.     (See  the  article  PAiiALLEt 

The  wheel  er,  on  the  axis  a  A  of  die  fly-wheel  nn,  communis 
dites  its  motion  by  the  wheels  sheivn  in  fig.  2;  to  the  wheel  b^ 
which  wheels  are  so  contrived,  that  one  reVolutidn  of  the  fly 
will  produce  one  of  the  wheel  b,  on  whose  axis  itre  twb  eccen^ 
trie  wheels  c  and  d,  which  alternately  raise  the  rods  e  and^^  foi' 
•plsning  the  valves  contained  in  the  short  cylinders  or  valve- 
boxes  gg  and  hh :  each  of  these  boltes  has  three  divisions ;  th^ 
upper  <Uvision  of  the  upper  box  contains  a  valve  1,  called  thd 
^pfer  8ieam-vahe;  its  use  is  to  admit  steam  from  the  bdfler 
through  the  pipe  b,  into  the  middle  division  which  cdmmuni^ 
cates  with  the  cylinder  \  in  this  box  is  a  valves  (which  is  moved 
by  a  rod  passing  through  the  rod  of  the  other  valve  1),  called  th« 
upper  condarnns'-vahe  (or  tthawiing^valve) ;  it  is  for  opening 
a  pasia^  from  tne  top  of  the  cylinder  to  die  condenser  by  th« 
pipe  q.  Ill  the  sam^  manner,  the  upper  valve  3  of  the  lo^ilref 
box  is  called  the  lofwer  tteam^valvfy  and  is  for  admitting  steam 
bto  the  lower  part  of  the  cylinder  by  mentis  t>f  the  pipe,  r ;  the 
tdve  4  is  for  connecting  the  bottom  of  the  cylnider  with  the  ^ 
condenser,  and  is  therefore  called  the  htoer  eondeming^ahi* 
The  rody  connects  at  its  top  vrith  the  ^^pper  tondensing-valvt 
(8),  and  the  lower  steami^kitie  (S)  at  its  bottom;  it  will,  tbere-» 
fore,  when  it  is  lifted  np  by  the  eccentric  wheel  d,  6ptn  thoM 
valves^  and  by  caiMq;a  vacuum  above,  and  a  pressure  of  steam 
beneath,  the  piiton,  f^rce  it  upwards,  and  move  tbe  machinery : 
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atfothe  rod  e>  coonectiog  witfi  th«  tt^JMn*  steam- ^Ohe  i  mf  itv 
top,  and  the  lower  candensing-^ahe  4  at  its  bottonn,  beiag  UAed* 
lip-  by  the  eccentric  wheel  c,  will  cause  the  piston  to  desceiMl  r 
but  this  will  not  be  the  case,  unless  oae  rod  is  permitted  to  de^ 
scend  by  its  own  weighs  as  the  other  is  lifted,  otherwise  tlie 
steam  wilt  leave  free  passage  from  the  boiler  to  the  comienscry 
which  operation  is  i^alied  blowing  through. 

The  condenser  m  is  a  cjlindrie  vessel,  into  which  is  admitted 
a  small  jet  of  coM  water,  by  the  cock  /,  called  the  injectioB- 
cock :  the  bottom  of  die  caademer  •commmiicat^  by  a  shoit 
pipe  o  (which  pipe  contains  a  valve  shutting  towards  die  con* 
denser),  with  the  air-pump  p,  four  inches  diameter  and  thiee 
feet  stroke;  the  piston  of  the  air-puttip  has  a  valve  in  it,  and  is 
moved  by  the  rod  k,  as  before  described ;  the  air-pomp's  office 
is  to  extract  the  water  of  the  condensed  sleam,  injectioB^  8bt. 
from  the  condenser,  and  keep'  the  vacuum  perfect.  The  air- 
pump  and  condenser  must  be  in  a  ^ell  or  cistern  of  coM 
water. 

To  work  this  engine,  the  steain  must  be  made  of  sufficient 
dasticity  to  rush  forcibly  out  of  the  boiler  when  permitted; 
dr^w.the  handles^n  and  p  apart  frotai  each  other,  which  acting 
as  levers  against  the  stubs  on  the  rods  e  andy^  will  raise  them 
up  in  a  small  degree,  and  open  all' the  falvea  at  odce;  and  die 
steam,  by  blowing  t/urough^  will  expel  the  Water,  air,  Su:.  which 
may  have  filled  the  cylinder  and  condenser,  at  ^  valve  shtfttuig 
outwards  in  the  condenser  for  th^t  purpose.  .  When  it  ts  thoodbt 
that  the  air,  &c.  is  all  driven  out,  one  ot  other  of  the  haomea 
must  be  dropped  (accordii^  to  the  position  of  die  whed  g); 
the  injection  cock  /  is  dien  opened  by  its  handle  p,  which  sud^ 
denly  cooling  the  steam,  reduces  it  to  the  balk  it  formerly  pos-i 
sessed  in  the  boiler,  and  forms  a  vacuum  in  the  condenser;  the 
steam  from  the  cylinder  which  rushes  in  to  restore  the  equib- 
briuni  is  condensed  as  it  goes,  and  almost  instautaileoualy  a 
nearly  perfect  vacuum  is  formed  on  one  sideof  the  piston;  and  Atf 
$teani  from  the  boiler  pressing  on  die  other,  destroys  the  equili- 
brium on  if,  and  puts  the  engine  in  motion.  When  the  pistoa 
is  at  the  top  of  its  stroke  by  the  arrangeinent  of  thet  wheels  in 
fig.  2,  the  eccentric  wheel  c  will  lift  the  rod  e  (at  the  time  thd 
rod  /  is  permitted  to  descend  by  its  l^eight),  and  cause  the 
piston  to  descend ;  and  when  at  the  bottom  the  rod  /  will  be 
lifted^  and  e  will  fall,  which  forces  it  upwards  again* 

To  stop  the  engine,  nothmg  is  necessary  but  to  lift  up  both 
the  bandies  and  shut  the  injection-cock  (which  shoidd  always 
be  shut  when  the  engine  is  not  at  work),  to  prevent  the  con- 
denser from  filling  with  water;  and  as  soon  as  die  momenttiai 
of  the  fly-wheel  is  spenti-the  motion  of  the  engine  wil|  cease; 
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it  might  afso  be  stopped  By  only  cutting  off  tRe  mjectlon^  Wbich 
^oidd^  after  a  considerable  number  of  strokes^  render  die  va-^ 
cuum  so  imperfect  as  to  destroy  its  power. 

*Tbe  cylinder  of  this  engine  is  twelve  inches  dikmeteri  ioA 
Kas  a  three-feet  stroke;  its  power  is  computed  at  four  horses^ 
it  makes  about  fifteen  strokes  per  minute,  and  bums  about  nine 
bushels  of  coals  in  fourteen  hours,  being  the  usual  period  of 
working. 


IB.  Bf.  Betiancourt^  whose  curious  and  valuable  experiments 
on  the  expansive  force  of  steaim  are  mentioned  in  the  introduc- 
tory part  of  this  volume,  haa  contrived  some  steam-engines  of 
double  effect;  one  of  which  being  very  simple  and  ingenious^ 
may  here  be  described,  at  least  all  which  is  peculiar  to  it  See 
fig.  S.  pi.  XXXL  Tne  steam  coming  in  the  ordinary  way  from 
the  boiler,  which  is  omitted  to  tender  the  design  more  simplel 
passes  through  the  tube  &,  and  introduces  itself  by  the  aperture 
V  into  the  space  of  which  the  circle  ee^  represents  the  profile  or 
Verti<;at  section.  This  chamber  ee^  has^  besides  the  orificd  v, 
tw6  others^  the  one  placed  by  the  side  of  the  canal  d^  to  com- 
municate by  means  of  that  canal  with  the  superior  part  b  of  the 
cylinder  bb  ;  the  odier  placed  below  at  v\  and  communicates 
by  means  of  the  tube  or  canal  t^  i?  with  the  inferior  part  b'  of 
the  cylinder,  of  which  the  piston  is  represented  in  x.  Tlie 
space,  or  circular  chamber  ^*  ^'^^  communicates  in  a  simitar 
manner  with  the  upper  and  lower  parts  of  the  cylinder^  by 
means  of  the  tube  v'  d,  and  the  canal  d\  Moreover,  this 
chamber  t<^e^^  communicates  bv  niieans  of  the  orifice  t/^^  witK 
the  chamber  fj^^  where  the  vwve  j  is  found  adapted  to  the 
aperture  through  which  bsues  the  water  of  injection  destined 
to  condense  the  vapour:  this  valve  is  always  open,  except 
when  we  would  stop  the  machine;  but  it  may  approach  the 
brifice  more  or  less,  according  to  the  velocity  which  we  would 
givfe  to  the  pist6n.;  The  outlets  v  and  r'"  are,  in  like  manner^ 
always  open. 

The  orifices  i/,  t/^,  and  those  which  establish  the  communi- 
cation  with  the  cylinder  by  means  of  the  canals  d  and  d\  ^re 
closed  alternately  by  the  valves  gA,  or  gh'  of  a  particular  kind. 
Ttf.  3.  no.  2.  represents  the  profile  of  either  of  these  valves.' 
The  part  gA  curved  into  the  aic  of  a  circle  of  the  same  radius 
as  that  of  the  vertical  sections  ee\  e"  e'\  and  turning  upon  an 
axis  placed  &t  the  centre  o,  may  in  its  revolution  close  any 
aperture  whatever  placed  upon  the  circumference  of  those 

sections.  -  * 
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This  beuig  understood,  suppose  things  in  the  state*  repre^ 
seated  in  fig.  3.  no*  1*  and  the  vacuum  established  in  the  part 
of  the  cylinder""  abov^  the  piston.  The  steam  entering  by  the 
oiifice  t7y  finds  the  canal  d  closed,  passes  through  the  tube 
i/^,  but  cannot  introduce  itself  into  the  chamber  /''c^  be- 
cause of  the  valve  g'  A' ;  it  therefore  enters  wholly  into  Ae 
lower  part  b'  of  the  cylinder.  Hence  it  acts  upon  the  piston  x, 
with  all  the  energy  of  which  it  is  capable :  the  piston  pushes 
the  great  beam  by  m^ns  of  the  piston-rod  XK>  and  the  oppo- 
site part  of  that  beam  acts  wilb  a  like  effort  upon  the  nxl  mf 
bar  destined  to  give  the  rotatory  motion  to  the  fljr.  The  ^too 
X  bavii^  thus  arrived  at  the  highest  point  of  its  course,  the 
valve  g^^'  makes  a  part  of  a  rotation,  so  as  to  close  the  orifice  v^, 
and  opeu  the  canal  d^\  in  the  same  time  the  valve  £&  makes 
part  of  a  revolution  likewise,  to  close  the  aperture  v  and  open 
the  canal  d.  The  aqueous  gas  continuing  to  enter  at  v,  which 
b  constantly  open,  finds  the  orifice  c'  closed,  penetrates  into  the 
canal  d^  and  not  having  any  passage  through  the  orifice  t/^,  ^oes 
entirely  into  the  upper  part  of  the  cylinder :  durmg  this  tune^ 
the  steam  which  was  in  B^is  expelled  through  d^,  penetrates  into 
1^^',  which  is  always  open,  and  becomes  condensed  about  the 
talvey.  By  these  means  the  steam  which  enters  B,acting^  with 
all  its  energy  upon  the  piston  x,  makes  it  descend,  and  pro- 
duces, by  descendrag,  equal  effects  to  those  it  caused  when  as- 
cending. The  piston,  then,  having  arrived  at  the  lowest  p<MnC 
of  its  course,  the  valve  gh  which  closed  the  orifice  i/,  and  the 
valve  g^ A',  which  closed  the  orifice  r^^,  return  both  to  their  pri- 
mitive situation;  and  so  on  throughout. 

The  extent  of  the  stroke  of  the  piston  must  manifesdy  be  such 
that  the  apertures  of  the  canals  at  d,  and  d^,  placed  in  the  side 
of  the  cyknder,  are  never  stopped  by  the  piston. 

It  is  almost  needless  to  say^  that  the  interior  mechanism  re- 
lative to  the  valves  gh,^h%  may  be  moved  by  various  contri- 
vances, each  depending  upon  the  alternating  motion  of  the 
pbton:  so  that  no  other  agents  will  be  required  distinct  finom 
the  machinery,  than  what  are  wanted  for  keepiiq;  up  the  fire. 


9.  In  the  course  of  the  last  20  years,  there  has  scarcely  been 
a  month  in  which  some  new  modification  of  the  steam-engine 


Las  not  been  proposed.  To  detail  all  these  is  impossible.  We 
bhall  simply  specify,  in  addition  to  what  has  ahready  been  pre- 
-nted,  some  of  die  recent  inventions  of  Mr.  /?.  JViity,  of 

uU. 

lu  February  1810,  this  mechanist  took  out  a  pa^nt  for  roTo- 
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five  steam^Bgines,  the  revolnng  motion  of  which  was  effected 
by  weights  alternately  drawn  to  and  driven  from  a  centre,  round 
which  a  working  cylmder  or  cylinders  revolved;  and  to  the  op- 
posite ends  of  the  piston  rod  or  rods,  that  passed  through  the 
said  cylinder  or  cjlinders,  the  weights  were  attached.  Improve- 
ments on  these  eraines,  for  which  a  patent  was  taken  in  Oc- 
tober 181  ],  Mr.  Witty  states  to  consist  in  making  the  piston 
draw  or  force  round  the  machinery  to  be  worked  by  it,  whilst 
itself  moves  both  in  a  rectilinear  and  rotary  direction  in  a 
cylinder  or  steam  vessel ;  which  also  revolves  upon  an  axis, 
placed  either  in  an  horizontal,  vertical,  or  oblique  position.  The* 
mechanical  contrivances  by  which  this  is  effected  are  of  various 
kinds,  which  cause  the  power  of  the  piston  to  draw  or  force  the 
cylinder  round;  and  move  the  mill- work,  or  machinery,  which 
is  attached  to  the  engine,  by  the  revolution  of  the  axis  or  diaft 
of  the  revolving  cylinder,  or  by  the  piston  rod  being  made  to 
act  upon  a  wheel,  or  other  contrivance,  upon  a  separate  axis  or 
shaft,  fixed  or  otherwise  as  occasion  may  require. 

To  admit  the  action  of  the  steam,  and  of  the  condenser,  in 
the  revolving  cylinder,  its  axis  is  bored  lengthwise  in  two  places, 
so  as  to  form  two  passages,  each  of  which  communicates  by 
lateral  pipes  with  the  end  of  the  cylinder  opposite  to  the  side  of 
the  axis  in  which  it  lies;  the  extremity  of  this  perforated  axis  is 
formed  of  a  conical  shape,  and  turns  m  a  box  made  to  fit  it,  in 
the  same  manner  that  the  revolving  part  of  a  common  cock 
turns  in  its  barrel ;  from  the  upper  part  of  this  box  a  pipe 
passes  to  the  steam  boiler,  and  from  the  lower  part  another 
pipe  proceeds  to  the  condenser,  and  lateral  apertures  are  made 
through  the  sides  of  the  axle  to  the  two  passages  within  it 
before^mentiloned,  which,  as  the  axle  turns,  alternately  com^mu- 
nicate  with  the  steam  pipe,  and  the  pipe  of  the  condenser  in  the  , 
box,  in  the  same  way  as  a  cock  with  two  ways  acts ;  with  which 
cock  this  part  of  the  ^ngiqe  is  on  the  same  pripciple.  llie  axle 
projects  throti^h  the  box,  and  has  a  crank  at  its  end,  by  which 
it  works  the  air-pump  of  the  condenser. 

Several  principles  are  mentioned  by  the  patentee,  on  which 
the  cylinder,  prepared  as  described,  can  force  itself  round; 
which  are  all  of  the  nature  of  crank  or  cardioid  niotions :  both 
of  which  however  may  be  referred  to  one  source^  as  thev  are 
caused  by  an  apparatus  made  to  protrude  and  retract  alter- 
nately between  two  centres,  one  of  which  revolves^  and  the  odier 
is  fixed. 

The  first  of  these  pripciples  stated  by  the  patentee,  (which  he 
edls  a  cardioid  motion,  though  it  is  more  properly  a  crai|k  mo- 
tion,) effects  die  rotary  movement  by  the  action  of  a  moving 
groove  on  a  fixed  centre  j  which  groove  is  placed  at  right  angles 
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4o  tbe  cylinder,  in  a  frame  diat  is  connected  with  piston  rodi 
proceeding  from  tbe  opposite  ends  of  the  cylinder,  and  of  course 
partakes  of  their  alternating  motion. 

The  second  princiole  consiaU  of  the  operation  of  the  ends  of 
piston  rods,  proceecung  from  tbe  opposite  extremities  of  the 
cylinder,  on  the  outside  of  tbe  rim  of  a  large  wheel,  whose 
centre  is,  placed  at  the  distance  of  about  half  the  stroke  of  the 
piston  from  the  axb  of  the  cylinder.  The  rim  of  the  wheel 
projects  80  as  to  extend  to  the  line  of  the  piston  rods,  which  are 
bent  round  to  support  friction-wheels  outside  it,  that  alternately 
come  in  contact  with  steps  on  the  rim,  and  by  them  force  round 
the  wheel,  by  a  cardioid  motion;  or,  in  other  words,  by  a  mo- 
tion similar  to  that  which  levers  would  cause,  when  .made  to 
press  alternately  on  the  outside  of  a  heart-wheel. 

The  third  principle  is  a  variety  of  the  second,  and  consists  in 
making  the  lar^e  wheel  before-mentioned  revolue  on  a  ring, 
jiupported  by  friction-wheek,  which  includes  within  its  circum- 
ference the  axle  of  the  revolving  cylinder.  A  species  of  this 
)ast  mode  is  mentioned  by  the. patentee,  that  deserves  particular 
notice,  in  which  the  ring  is  large  enough  to  include  within  it  the 
cylinder  and  protruded  piston-rods,  and.  is  to  be  placed  in  the 
plane  of  the  piston-rods>  and  at  right  angles  to  the  axis  of  the 
cyUnder. 

The  fourth  principle  consists  in  the  action  of  the  piston-^ods, 
arranged  as  first  mentioned,  against  the  inside  of  a  heart-shaped 
rin^,  placed  vertically  with  its  apex  downward^,  one  half  of 
which  ring  is  moveable  outwards  by  beiug  suspended  from  a 
hinge  at  its  upper  end.  .  The  axis  of  the  revolving  cylinder  is 
placed  ill  one  of  tiie  centres  of  this  cardioid-ring ;  and  the  ends 
of  the  pLstou-rods,  furnished  with  friction-wheels,  press  alter- 
nately on  the  fixed  and  on  the  moveable  sides  of  the  ring,  and 
thus  produce  the  rotative  motion. 

A  fifth  mode,  mentioned  by  the  patentee  as  a  variety  of  the 
first,  deserves  to  be  noticed  by  itself  for  its  greater  simplicity; 
It  consists  of  a  crank  a  quarter  the  length  of  the  stroke,  or  a 
fixed  centre  placed  at  that  distance  from  the  axis  of  the  qylmder, 
from  which  a  rod  passes  to  the  top  of  the  piston-rod.  In  this 
method,  and  also  in  the  firsjt,  a  strong  iron  knee  proceeds  from 
the  fixed  centre  to  support  the  gudgeon-end  of  the  axis  of  the 
^eyolving  cylinder,  or  that  end  which  is  opposite  to  its  per- 
forated extremity.  The  end  of  this  knee  next  the  fixed  centre 
is  driven  tiaht  into  a  piece  of  cast-iron  and  keyed  fast,  which 
piece  is  bolted  down  to  a  beam  of  wood  that  supports  it.  The 
^ed  centre  lies  between  the  angle  of  this  knee  and  its  support 

The  advantages  of  steam-engines,  constructed  on  these  pria* 
qplef,  over  common  engine  the  patentee  mentioiis  to  consist 
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in  saving  die  power  loft  ia  ihe  motion  of  h^wf  Mgme-beams, 
paimllel  apfwratm,  valves,  haad-gear  for  tDOfiog  valves,  and 
plug-framefl^  none  of  wkidi  are  'u^  in  his  engines  ;  and  in  die 
great  simplification  ;of  macbinerj,  which  arises  from  tiieir  re- 
moval. The  patentee  also  stated,  that  the  ponclerous  fly-wheel, 
used  to  regulate  t^e  nootion  in  other  engines,  may  in  his  be  ib 
a  great  measure  diaypensed  widi* 

The  ecBtor  of  the^^  Retrospect^  4rom  die  tbirty-seoond  num- 
'  ber  of  which  the  preceding  account  otyk.  Witt/s  contrivances 
is  taken,  adds, 

^  When  any  good  inedK>d  is  adopted  for  preveatmg  the  tend- 
ency to  bend  the  piston,  which  an  arm  at  right  angles  ufed  to 
-force  round  the  engine  would  occasion,  id  the  manner  J>efiMte 
eiplained,  dien  the  ifdi  or  last  method  described  would  seen  to 
be  preferable  to  most  of  the  others,  on  account  of  its  greater 
simplicity,  and  its  having  less  friction  than  them. 

^  On  die  contrary,  the  method  in  which  the  grooved  fhuneis 
*used  seems  the  worst,  on  account  pf  the  binding,  or  increased 
friction,  whidi  grooves  acted  on  by 'oblique  iibpubes  always 
undergo,  especuuly  when  the  degree  of  the  obliquity  approactos 
so  very  near  a  direction  perpendicular  to  the  groove,  as  it  does 
on  this  occasion;  which,  added  to  the  defect  before  stated, 
would  occasion  a  very  great  waste  of  the  forte  of  the  engine. 

''  Of  all  the  methods,  however,  in  the  state  in  which  they  are 
described  hj  the  patentee,  those  two,  in  -eaish  of  which  dife 
cylinder  revolves  within  a  rinc  that  surrounds  it  in  the  plane  ^f 
the  piston-rod,  at  right  angles  to  the  axis  of  the  revolving 
cyKnder,  appear  the  most  advantageous;  because  in  them  leis 
of  tfie  force  is  lo$t  in  oblique  movements,  and  the  piston-rods 
suffer  no  injury  from  any  part  of  the  machinery  tending  to 
produce  lateral  impulses. 

''Of  these  two  method<«,  that  with  die  revolving  ring  appeal*! 
to  be  preferable,  from  its  causing  less  friGtion,and  producing  a 
more  free  motion ;  and  as  the  revolving  ring  might  be  likewise 
made  to  perform  the  office  of  a  fly-wheel,  it  would  'also  be 
simpler.  A  mode  (not  mentioned  by  the  patentee)  of  applying 
the  smaller  ring,  that  extends  only  far  enou^  to  include  the 
axis  of  the  cylinder,  and  is  described  first  in  roe  account  of  the 
third  principle  of  the  patent,  seems  also  preferable  to  the  fixed 
ring,  and  nearly  if  not  fully  equal  to  the  revolving  ring,  firom 
the  simplicity  of  construction  ef  which  it  renders  the  engine 
capable 

**  The  advantages  stated  by  the  patentee,  that  engines  on 
ihese  principles  possess  in  comparison  with  others,  seem  in 
*mo8t  respects  justlv  represented:  but,  on  the  other  hand,  it 
^Htst  be  observed  that  mece  is  much  more  force  Jost,  4ii-ef49 
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the  b^  of  die  mediods  proposed^  from  the  obliquity  of  the  ioh 
pukfB  of  the  moviDg  power  to  the  motion  produced,  tbw  in  the 
he  am  taa^nt  and  crank ;  ^s  the  latter  acts  in  two  points  of  the 
levolution  at  right  angles  to  ^e  crank,  or  in  the  direction  of  the 
tBption  prodtt^d,  which  if  the  ipost  advantageous  direction; 
>vhile  in  none  of  |he  planp  proposed  by  the  patentee  does  the 
impulse  come  much  nearer  the  direction  of  th§  produced  motion, 
than  what  would  form  with  it  an  angle  of  fo^ty-five  degrees, 

*'  We  mpst  differ  with  th^  pa^nte^  also,  as  |q  the  capability 
which  A\e  supposes  his  engines  afford  of  dispensipg  with  fly- 
wheels; thinking  on  the  coutrafy,  ^t  frpip  the  gre^t  variation 
pf  the  force  producing  (he  fot^ify  Qiotipn,  in  various  parts  of 
jtfae  revolution  (on  ^ccpunf  of  |he  gr^at  difference  in  the  obli- 
quity of  its  direction)  the  fly-wheel  woulc}  be  absciutely  neces- 
sary to  produce  equably  rptativp  moti<)n  in  tbeqi. 

*'  But  notwithstanding  that  siome  loss  of  force  would  be  caused 
by  the  obliquity  of  th^  impiilse  to  the  direction  of  the  raotio»(as 
before  mentioned)i  we  lhi|Qi|^  that  very  useful  and  powerful  engines 
may  be  formed  on  the  principlf^  iiiy^ited  by  the  patentee,  whep 
they  obtain  ^ose  modifications,  yyhi^h  practice  and  experiepce 
in  constructing  them  will  point  put;  and  that  next  to  Mr. 
Mead^s  plan  fur  a  rotative  ^team-engine,  these  qf  Uie  patentee 
are  by  far  the-  most  ipgenioua  yet  laid  before  the  public.  We 
also  think,  that  i^  point  pf  fimpUcity,  ^n^  in  the  facility  of 
their  being  kept  in  order,  and  haying*  the  stuffing  kept  tight, 
imd  renewed  when  wanted,  they  are  superior  to  Mr.  Mead's  ei|- 
gine:  and  that  the  species  of  them  which  revolves  with  a  simple 
crank  motion,  and  that  with  the  larger  outside  revolving  ring, 
if  not  some  of  the  other  kinds,  may  be  affbrcled  at  a  consider* 
^ly  lower  price  than  Mr.  Mead'^,  or,  Y?hep  the  ipode  of 
making  them  is  brought  to  perfection,  than  n^ost  other  steam- 
engines,  on  account  of  the  number  of  parts  and  the  quantity  of 
franjing  used  in  other  enginesi,  t^t  ni^  be  omitte^  in  th^ 
ponstTMction.'' 

10.  Qn  the  Power  of  SUam^Enginet^  and  the  Method  of 
computing  it. — From  the  accotmt  which  has  been  given  of 
steam-engines,  and  the  mode  of  operation,  it  must  be  evident 
ibat  tbe  power  depends  upon  the  breadth  and  he^ht  of  th^ 
cylmder,  or,  iq  other  words,  on  the  area  of  the  piston  and  th^ 
length  of  iu  stroke.  If  we  suppose  that  no  force  is  Ips^  ip 
overcoming  the  inertia  of  the  great  beam  in  Watt's  engine, 
and  that  the  lever  by  which  the  power  acts  is  equal  to  the 
lever  of  resistance;  then,  if  steam  of  a  certam  elastic  force 
is  admitted  above  the  piston  q,  so  as  to  press  it  downwards 
with  a  force  of  a  little  more  than  100  pounds,  it  will  be  able  to 
IWQ  ft  we^ht  of  100  pounds  hanging  at  the  end  of  the  grei|t 


Digitized  by 


Google 


Power  of  Steatn^ngirtes.  409 

beam*  Whepi  jthe  piston  has  descended  to  the  bottom  of  the 
cylinder,  through  the  space  ^f  4  feet,  the  weight  will  have  risen 
through  the  ^ai/ia  space,  and  100  pounds  raised  through  die 
neight  of  four  f^t,  during  one  descent  of  the  piston,  will 
express  the  mechaf|ical  power  of  the  engine.  But  if  the  area 
of  the  piston  q  and  the  length  of  the  cylinder  are  doubled,  while 
the  expansive  force  pf  the  steam  and  th^  time  of  the  piston's 
descent  remain  the  same,  the  mechanical  energy  of  the  eu^e 
vill  be  quadruple,  and  will  be  represented  by  200  pounds  raised 
through  the  space  of  8  feet  during  the  time  of  the  piston's 
descent.  The  power  of  steam-engines,  therefore,  is  atteris 
paribus  in  the  compound  ratio  of  the  area  of  the  piston,  and 
the  length  of  the  stroke.  These  observations  being  premised, 
it  i^rili  be  easy  to  compute  the  power  of  steam-engines  of  any 
size. 

Thus,  let  it  be  required  to  determine  the  povier  of  steam- 
engines,  whose  cylinder  is  24  inches  diameter,  and  which 
make  23  double  strokes  in  a  minute,  each  stroke  being  5 
feet  long,  and  the  force  of  the  steam  being  equal  to  a  ores* 
sure  of  12  pounds  avoirdupois  upon  every  square  inch. 
The  diameter  of  the  piston  being  multiplied  by  its  circum- 
ference, and  divided  by  4,  will  give  its  area  in  square 
inches ;  thus,  ^X3  mi6xm  --  452-4^  (|ie  number  of  square  inches 

exposed  to  the  pressure  of  the  steam.  Now  if  we  multiply 
this  area  by  1 2  pounds,  the  pressure  upon  every  squaie  inch, 
we  ^hal]  have  45^*4  x  11^:^5^28'^  pounds  the  whole  pressure 
upon  the  pist90,  or  the  weight  which  tlie  engine  is  capable  of 
raising.  But  since  the  engine  performs  22  double  strokes,  5 
feet  long,  in  a  minute,  the  pbton  must  move  through  22x5xZ 
=220  feet  in  the  same  time ;  and  therefore  the  power  of  the 
engine  will  be  represented  by  />428'8  pounds  avoirdupois, 
rabed  through  220  feet  in  a  minute,  or  by  10*4  hogsheads  of 
water,  ale  measure,  raised  through  the  same  height  in  the  same 
time.  Now  this  is  equivalent  to  5i28-8x  220  =  1194336 
pounds,  or  10*4x220  =  2288  hogsheads  raised  through  the 
height  of  one  foot  in  a  minute.  This  is  conformable  to 
Smeaton's  measure  of  mechanical  power.  (See  art.  477. 
vol  i.)  But  as  steam  engines  were  substituted  in  the  room 
of  horses,  it  has  been  customary  to  calculate  their  mechanical 
energy  in  horse  powers,  or  to  find  the  number  of  horses  which 
could  perform  the  same  work.  This  indeed  is  a  very  vague 
expression  of  power,  on  account  of  the  different  degrees  of 
strength  which  different  horses  possess.  But  still,  when  we 
are  told  that  a  steam-engine  is  equal  to  sixteen  horses,  we 
have  a  more  distinct  conception  of  its  power,  than  when  we  ace 
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iofornied  Aat  it  is  capable  of  raising  a  mnnber  of  poimcb  tlntntgh 
a  certain  ^pace  in  a  liertain  time. 

Messrs.  Watt  and  Bonlton  suppose  a  horse  capable  of  nb- 
ing  3^,000  pounds  avoirdupois,  1  foot  high  in  a  mioute^  wUe 
Dr.  Desaguliers  makes  it  27,500  pounds,  and  Mr.  Smeatoo  oolj 
22,91 6.     If  we  divide,  therefore,  the  number  of  pounda  which 
any  steam-engine  can  raise  1  foot  high  in  a  minute,  by  the* 
three  numbers,  each  quotient  wUl  represent  the  number  of 
horses  to  which  the  engine  is  equivalent.    Thus,  in  Ae  present 
•esample  » VHii*  =  37  J  horses,  according  to  Watt  and  BouHod: 
',4;t4jV*  =  *^T  ho'^8>  acc<>'*di°g  to  Desaguliers;  and  'iffrr* 
=52!  horses,  according  to  Smeaton.     In  this  calculation  it  b 
supposed  that  the  engine  works  only  e^ht  hours  a  day^  so 
that  if  it  wrought  during  the  whole  24  hours,  it  would  be 
equivalent  to  thrice  the  number  of  horses  found  by  the  pre- 
ceding rule. 

Before  concluding  this  article,  we  shall  state  the  performance 
of  some  of  these  engines,  as  determined  by  experiment.  An 
engine  whose  cylinder  is  31  inches  in  diameter,  and  which  makes 
17  double  strokes  per  minute,  is  equivalent  to  40  horses, 
working  day  and  night,  and  bums  1 1,000  pounds  of  Stafford* 
shire  coal  per  day.  When  the  cylinder  is  19  inches  and  the 
engine  makes  25  strokes  of  4  feet  each  per  minute,  its  power  b 
equal  to  that  of  12  horses  working  constantly,  and  bums  3,700 
founds  of  coals  per  day.  And  a  cylinder  of  24  inches  which 
makes  22  strokes  of  5  feet  each,  performs  the  work  of  20 horses, 
working  constantly,  and  bums  5,500  pounds  of  coals.  Mr. 
Boulton  has  estimated  their  performance  in  a  different  manner. 
He  states  that  i  bushel  of  Newcastle  coal's,  containii^  84 
pounds,  will  raise  30  million  pounds  1  foot  high ;  that  it  will 
^ind  and  dress  11  bushels  of  wheat;  that  it  wiu  slit  and  drav 
into  nails  f»  cwt.  of  iron ;  that  it  will  drive  1000  cotton  spindles, 
*  with  all  the  preparation  machinery,  with  the  proper  velocity; 
and  that  these  effects  are  equivalent  to  the  work  of  10  horses. 
{Brewster*s  Ferguson.) 

The  largest  steam-engine  which  we  believe  has  been  ever 
Erected  was  set  up  in  1 8 1 1,  by  Mr.  Mayle,  at  Chauwater  mine  ia 
Cornwall.  It  is  equal  in  power  to  lOiO  horses;  and  is  eoir 
ploycd  in  keeping  dry  by  pumps  a  mine  of  100  fathoios  deep. 

It  is  much  to  be  regretted  that  in  the  country  where  all  the  great 
and  essential  improvements  in  steam-engines  have  been  made, 
and  where  so  noble  a  speciesof  mechanism  was  invented,  there  is 
no  separate  treatise  on  their  construction  and  history.  What  is 
here  given  is  a  mere  collection,  correct,  it  is  hoped,  bu  very 
limited.  They  who  wish  to  go  farther  into  this  iuteiesting 
enquify  may  turn  to  the  article  STZAU-engine  in  the  Encydth 
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padia  Britofwic^  Ae  Pantologiaf  and  BretMcr'j  tergusot/s 
lectures;  to  the  successive  volumes  of  the  Repertorif  ^  Artt 
and  ManufacturUf  to  the  2d  volume  of  Pronyfjirchttecture 
Hydraulique,  and  to  Hachette^  Traiti  des  Machines.  Mr. 
Kobertson  Buchanan's  treatises  on  the  -''  Economy  of  Fuel, 
and  on  Locomotive  Machinery/'  wiU,  we  doubt  not,  go  far  to- 
wards supplying  an  important  desideratum:  but  something  else 
will  still  be  wanting^  we  apprehend,  in  .reference  to  this  point. 

Ste  AM-^l«*-^Seversi  attempts  have  b^en  madeto  apply  the 
force  of  steam  to  the  purpose  of  propelling  boatq.  One  of  the 
earliest  projects  of  this  krod  was  in  1736,  when  a  patent  was 
taken  out  for  aboat  to  be  moved  by  steam.  Thenext  was  that 
of  Mr.  Symington.  In  his  .boat,  by  placing  the  cylinder  nearly 
in  a  horizontal  position,  the  introduction  <^a  beam  is  avoided. 
The  piston  is  supported  in  its  position  by  friction  wheels,  and 
communicates,  by  means  of  a  joint,with  a  crank,xonnected  with 
a  wheel,  which  gives  the  water-wheel,  by  means -of  its  teeth,  a 
motion  somewhat  slower  than  its  own;  the  water-wheel  servin|r 
also  as  a  fly.  This  water-wheel  is  situated  in  a  cavity  near  the 
•tern,  and  in  the  middle  of  the  breadth  of  the  boat,  so  that  it 
becomes  necessary  to  have  two  rudders,  one  on  each  side,  con- 
nected together  by  rods,  which  are  moved  by  a  winch  near  the 
Jiead  of  the  boat,  so  that  the  person  who  attends  the  engine 
ma/H  also  steer. 

Mr.  Symington  has  likewise  placed  an  arrangement  oC 
stampers  at  the  head  of  the  boat,  for  the  purpose  of  breaking 
the  ice  on  canals,  an  operation  often  attended  with  great  labour 
and  expense.  These  stampers  are  raised  in  succession  by 
levers,  the  ends  of  which  are  depressed  by  the  pins  of  wheels 
tnmed  by  an  axis  communicating  with  the  water-wheel.  A 
dreawing  of  this  steam-boat  is  given  by  Dr.  Young  in  the  1st 
vol.  of  his  Natural  Philosophy. 

Steam-boats  now  work  on  the  passage  between  London  and 

Gravesend;  and  several  are  employed  on  different  canals  in 

Scotland.    The  following  account  of  the  steam-boats  on  thfe 

Clyde,  by  Mr.  Robertson  Buchanan,  of  Glasgow,  was  published 

•   in  No.  £03  of  Tilloch's  Philosophical  Magazine. 

^  So  early  as  the  year  1801,  a  vessel  propelled  by  steam  was 
•tried  on  the  Forth  and  Clyde  inland  navigation,  but  was  laid 
asUe,  among  other  reasons,  on  account  of  the  injury  it  threat- 
ened the  banks  of  the  canal  by  the  agitation  of  the  water:  and 
tis  far  as  1  can  learn,  the  same  objection  still  subsists  to  the 
tise  of  steam-boats  on  artificial  canals  so  narrow  as  those  usual 
in  Great  Britain.  That  objection,  however,  I  should  think,  does 
not  apply  to  some  of  those  of  Holland  and  other  counUii^.ov 
'the  continent. 
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''  The  first  attempt  on  any  scale  worthy  of  notice,  to  navigate 
by  steam  on  the  river  Clyde,  was  in  the  year  1812*.  A  passage 
boat  of  about  40  feet  keel  and  lOj  feet  beam^  having  a  steam- 
engine  of  only  three  horses'  power,  beean  to  ply  oa  the  river. 
Since  that  period  the  number  of  boats  has  gradually  increased. 

**  Besides  three  vessels  which  have  left  the  Clyde,  there  are 
six  at  present  plying  on  the  riv^r,  two  of  which  carry  goods  as 
well  as  passengers.  Iliey  have  on  the  whole  been  gradually 
increased  in  tonnage  as  well  as  in  the  power  of  their  engines; 
and  still  larger  boats  and  more  powerful  engines  are  now  c<m* 
stmcting:  among  others  one  of  about  lOQ  feet  keel  and  17  feet 
beam  with  an  engine  of  $4  horses'  power ;  and  one  of  equal 
burthen,  having  au  ei^ine  of  30  horses'  power.  These  boats 
are  all  neatly  fitted  up,  and  some  of  them  even  elegantly  de« 
corated. 

**  On  board  aU  the  passage  steam*boats  are  newspapers^ 
pamphlets,  books,  &c.  for  the  amusement  of  the  passeDgera«and 
such  refreshments  as  are  desirable  on  so  short  a  voyage^  a  dis- 
tance of  about  26  miles  by  water,  and  S4  by  land. 

^  The  voyage  betwixt  Gla^ow  and  Greenock,  including 
stoppages  at  intermediate  places,  is  commonly  accomplished  ia 
from  three  to  four  hours,  the  vessels  taking  advantage  of  the  tide 
as  far  as  circumstances  will  permit:  but  as  they  start  at  difiierent 
hours  from  the  same  place,  they  are  sometimes  obliged  to  go 
part  or  nearly  the  whole  of  their  vovage  against  the  tide. 

'^  The  voyage  has  beeu  accomplished  m  2|  hours;  the  tide 
being  favourable,  but  against  a  moderate  breeze  of  conlniy 
wind  f . 

'^  At  first,  o^ing  to  the  novelty  and  apparent  danger  of  the 
conveyance,  the  number  of  passengers  was  so  very  small  diat 
the  only  steam-boat  then  on  the  river  could  hardly  clear  her  ex- 
penses: but  the  degree  of  success  which  attended  that  attempt 
soon  commanded  public  confidence.  The  number  of  passen- 
gers which  now  ^o  in  those  boats  may  seem  incredible  to  those 
who  have  not  witnessed  it.  Travelling  by  land  has  not  ooly 
been  nearly  superseded,  but  the  communication  very  greatly 
increased,  owing  to  the  cheapness  and  facility  of  the  conveyance. 
Many  days,  in  fine  weather,  from  500  to  600  have  gone  from 
Glasgow  to  Port-Glasgow  and  Greenock,  and  returned  in  dit 
same  day.   One  of  the  boats  alone  has  been  known  to  carry  241 

^  The  first  steam-boat  in  America  was  launched  at  New-York  on  thf 
dd  of  October,  1807,  and  began  to  ply  ou  the  river  between  that  city  and 
Albany,  a  distance  of  about  1€0  miles. 

t  The  time  which  was  allowed  to  the  ana il -coach  to^o  bietween  those 
towns  was  3}  hours,  but  owing  to  extranrrlinary  exertion  some  of  the 
%oache3  now  run  that  distance  in  about  2i  hours. 
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ml  one  time*  The  increase  of  trftvelliiig  in  consequence  of 
navigation  by  steam,  may  be  estimated  by  the  number  that  went 
in  the  common  passage  boats  before  the  introduction  of  this 
agent:  at  that  timCi  the  highest  estimate  even  for  summer  did 
not  much  exceed  50  up  and  50  down,  and  those  generally  of  the 
lower  class  of  the  people.  The  number  that  then  went  by 
coaches  may  be  thus  estimated:  four  coaches  up  and  four  down^ 
ifirhich  might  average  six  passengers  each. 

'^  In  the  summer,  the  pleasure  of  the  voyage  and  the  beauty 
of  the  scenery  attract  multitudes;  and  the  bathing-places  be* 
low  Greenock  have,  in  consequence  of  the  easy  passage,  been 
crowded  beyond  former  example/' 

*^  General  Description. — A  variety  of  modes  of  propelliiq; 
•team-boats  by  the  power  of  steam-engmes  have  been  projected, 
and  many  of  them  tried:  but  those  on  the  Clyde  have  their 
machinery  all  constructed  on  one  general  plan;  namely,  that  of 
paddle-wheels  similar  to  uuder-shot  water-mill  wheels  on  each 
aide  of  the  vessel,  which  are  put  in  motion  by  the  steam- 
engine. 

''  Plate  XXX.  fig.  4»  An  elevation;  a  side  view  showing  one 

of  the  paddle  wheels. 

fig.  5.  A  plan,  showing  the  extent  of  cabin  floor. 

A.  The  fore  or  second  cabin. 

BB.  Space  for  the  machinery. 

c.  Tlie  iron  chimney^  serving  also  as  a. mast 

D.  The  boiler.  ^ 

K  E.  The  steam-engine. 

G.  The  crank. 

H.  The  fly-wheel. 

II.  The  paddle-wheels. 

K.  Ladies'  cabin. 

L.  Steward's  room. 

M.  Principal  cabin. 

NN.  Stairs  down  to  the  cabins. 

CO.  Water  closet. 

PP  &c.  Gangway. 

QQQ'  Seats  at  stern  and  on  the  deck. 

R.  The  rudder, 

s.  Covering  of  paddle-wheels.'' 

STEEL-YARD,  an  instrument  used  for  weighing  goods, 
&c. ;  the  theory  of  which  was  concisely  stated  in  art.  I  iS  of  our 
first  volume,  and  succeeded  by  a  iew  remarks  on  its  conveni- 
ences and  inconveniences.      In  addition  to  what  was  there 
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obseifted  we  mty  noir  sfirte,  thit  ^ISeet-yArds;  in  tKe  coniiionr 
parposes  of  commerce,  haTe  two  adTrnfaget '  over  briitaees. 
] .  That  dieir  axis  of  smpenBion  is  not  loaded  with  an j  other 
weight  than  that  of  the  merchandniey  the  constant  wei^t  of 
A^  appanittis  itself  excepted ;  while  the  axis  of  the  bakmce, 
besides  the  weight  of  the  instrument;  sustains  a  weight  doiAle 
tor  that  of  the  merchandise.    2.  The  use  of  the  balance  requires 
a  considerable  assortment  of  weights,  which  cause  a  propor- 
tional increase  in  the  price  of  the  apparatus,  independently  of  the 
chances  of  error  which  it  multij^ies,  and  of  the  time  empTojecf 
in  producing  an  equilibrium.    These  motives' induced  C.  Panl, 
inspector  of  weights  at  Geneva,  to  emploj  his  thoughts  on  the 
itteans  of  so  far  nnprovmg  steel-yards;  that,  eidier  in  delicate 
oiperations  Of  the  arts,  or  in  Aose  of  the  same  kind  which  are 
<rfiten  so  necessary  in  the  practice  of  the  physical  sciences,  these 
kisthiments  might  be  sulmtituted  with  advantage  for  common 
balances.    In  order  that  we  may  better  explain  in  what  the  im* 
pfovement  of  these  steel-yards  consist,  it  will  be  proper  to 
point  out  what  were  the  faults  of  the  common  ones. 

1.  There  were  none  of  them,  in  which  the  points  of  sospen- 
rton  were  exactly  in  the  prolongation  of  the  line  of  the  dm- 
sions  of  the  beam ;  a  circumstance  which  necessarily  changed 
the  relation  betwieen  the  arms  of  the  lever,  the  power,  and  the 
resistance,  according  as  the  direction  of  the  beam  was^chan^ed 
from  a  horizontal  position.  We  have  seen  steel-yards,  iii  which 
a  degree  only  of  dmerence  in  the  inclination  of  the  beam  pro- 
duced the  difference  of  more  than  a  pound  in  the  result. 

2.  When  the  shell,  the  beam,  and  weight,  are  made  at 
hazard,  a  person  who  possesses  a  steel-yard  cannot  know  wbeii 
die  instrument  is  deranged;  and  even  an  artist  cannot  repair  it, 
but  by  repeated  trials,  and  with  a  great  loss  of  time. 

3.  The  construction  of  the  common  steel-yards,  which  have 
a  small  and  a  large  side,  renders  it  necessary  to  invert  them 
frequently;  a  laborious  operation  when  tf^ese  instruments  arc 
heavy,  and  which  exposed  the  axes  to  the  danger  of  daniage  by 
the  effect  of  the  shocks  which  that  turning  occasions. 

As  these  double  sides  render  it  necessary  to  have  a  beam  Veiy 
straight,  in  order  that  it  may  be  less  fisiulty,  it  readily  bends, 
which  is  a  new  source  of  error ;  and,  die  face  which  bears  die 
numbei  s  being  narrow  in  proportion,  it  is  difficult  to  form  on 
it  numbers  sufilciently  visible,  lliese  inconveniences  are  all 
Avoided  by  the  construction  of  C.  Paul,  which  presents,  beside^ 
several  other  advantages  not  possessed  by  die  old  steel-yaids. 

1.  The  centres  of  3ie  movement  of  suspeilsion,  or  die  two 
constant  centres,  are  placed  on  the  exact  hne  of  the  divisioniof 
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1^  Ibeftm;  aii*ele?aidoD  ali^oat  imperceptible  in  the  axis  of  tbo: 
beam,  destined  to  eompensate  for  the  very  slight  flexion  of  the: 
bar,  alone  excepted. 

2«  The  apparatus,  by  the  construction  of  the  beam^  is  ba-n 
lanced  below  its  centre  of  motion;  so  that  when  no  weight  is 
suspended,  the  beapn  naturally  remams  horizontal,  and  resumes 
that  position  when  removed  from  it,  as  also  when  the  steel-yard 
ia  loaded  and  the  weight  is  at  the  divinon,  which  ought  to  shew< 
how  much  the  merchandise  weighs.  The  horizonul  situatioa 
in  this  steel-yard,  as  vfiell  as  in  the  others,  is  known  by  metes 
of  the  tongue^  which  lises  vertically  above  the  axis  of  sua^ 
pension* 

,  3.  It  may  be  discovered  that  the  steel-yard  is  deranged,  if^ 
when  not  loaded,  the  beam  does  not  remain  horizontal* 
.  4.  The  advance  of  a  great  and  a  small  side  (which  in  the 
Qtbers  augments  the  extent  of  their  power  of  weighing)  is  sup^ 
plied  by  a  very  ample  process,  which  accomplishes  the  same 
end  with  some  additional  advantages.  Thisjproceas  is  to  employ^ 
on  the  same  division,  different  weights^    The  numbers  ot  ^e 
divisions  on  the  bar  point  out  thediegree  of  heaviness  expressed 
by  the  corresponding  weights.     For  example,  when  the  laig^ 
weight  of  the  large  steel-yard  weighs  18  pounds  each  division 
It  pfisses  over  on  die  bar  is  equivsient  to  a  pound;  the  smaU 
weight,  weighing  eighteen  timea  less  than  the  large  one,  will 
represent,  on  each  of  these  divisions,  thef  eighteenth  part  of  a 
pound  or  ounce ;  and  the  opposite  face  of  the  bar  is  marked  by 
pounds  at  each  eighteenth  division^  In  this  construction,  there-i 
fore,  we  have  die  advantage  ot  being  able,  by  emj^ying  both 
weights  at  once,  to  ascertain^  for  example,  almost  within  an 
ounce,  the  weight  of  500  pouads  of  merchandise.    It  will  be 
sufficient  to  add  what  is  mdicated  by  the  small  weight  in  ounces^ 
to  that  of  the  kiige  one  in  pounds,  aftes  an  equOibrium  has 
been  obtained  by  £e  pootion  of  the  two  weights^  viz.  the  larg^ 
one  placed  at  the  next  pound  below  its  real  weight,  and  the 
^mall  one  at  the  division  whieb  determines  the  number  of 
ounces  to  be  addedi . 

$•  As  the  b^m  is  graduated  only  on  on^  side,  it  may  have 
the  form  of  a  thin  bar,  which  renders  it  much  less  susceptible 
of  being  bent  by  the  action  of  the  weutbt,  and  affords  room  for 
making  die  figures  more  visible  on  bom  the  faces. 

6.  In  Uiese  steel-yards  the  disposition  of  the  axes  is  not  only 
snch  4hat  the  beam  represents  a  mathematical  lever  without 
waight ;  but  in  the  principle  of  its  division,  the  interval  between 
every  two  divisions  is  a  determined  and  aliquot  part  of  the 
distance  between  the  two  fixed  pointa  of  snspcfQsion ;  and  tach 
of  the  two  weights  employed  has  for  its  abeohle  weight  ikm 
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unity  of  the  weight  it  represents,  mtiltifdied  by  the  mimber  o/ 
ike  divisioas  contained  in  the  interval  between  the  two  constant 
centres  of  motion.  Thus,  supposing  the  arms  of  die  steel-vard 
divided  in  such  a  manner  that  ten  divisions  are  exactly  contained 
in  the  distance  between  the  two  constant  centres  of  motion,  tf 
weight  to  express  the  pounds  on  each  division  of  the  beam  most 
iealTy  weigh  ten  pounds;  that  to  point  out  the  ounces  on  the 
•ame  divisions  must  weigh  ten  ounces,  8cc.  So  that  the  same 
steel-yard  may  be  adapted  to  any  system  of  measures  whatever, 
and  in  particular  to  the  decimal  system,  by  varying  the  absoiutft 
heaviness  of  the  weights,  and  their  relation  with  each  other. 
The  application  of  diis  principle  will  be  seen  hereafter  in  (he 
description  of  the  steel-yard,  to  which  C.  Paul,  with  great  pro- 
priety, has  given  the^iame  of  universal  steeUyard. 

But  to  trace  out,  in  a  few  words,  the  advantages  of  the 
steel-yards  constructed  by  C.  Paul  for  commercial  purpose*,  we 
shall  only  obser\'e,  1.  That  the  buyer  and  seller  ale  certain  of 
the  correctness  of  the  instrument,  if  the  beam  remains  hori- 
zontal when  it  is  unloaded  and  in  its  usual  position^  2.  That 
these  steel-yards  have  one  suspension  less  than  the  old  ones,  and 
are  so  much  more  simple.  S«  That  by  these  means  we  obtain 
with  the  greatest  facility,  by  employing  two  weights,  the  eiact 
weight  of  merchandise,  with  all  the  approximation  that  can  be 
desired,  and  even  with  a  greater  precision  than  that  given  by 
common  balances.  There  are  few  of  these  which,  when  loaded 
with  500  pounds  at  each  end,  give  decided  indications  of  an 
oupce  variation ;  and  the  steel-yards  of  C.  Paul  possess  that  ad« 
vantage,  and  cost  one-half  less  than  balances  of  equal  dominion. 
4*  In  the  last  place  we  may  verify,  every  moment,  the  jlistncarf 
of  the  weights,  by  the  transposition  which  their  ratio  to  each 
other  will  permit;  for  example,  by  observing  whedier,  whetf 
the  weight  of  one  pound  is  brought  back  one  division,  and  the 
vireight  of  one  ounce  carried  forwards  eighteen  cfivisions,  die 
equilibrium  still  remains. 

If,  instead  of  ascertaining  the  weight  of  the  merchandise  in 
pounds,  you  wished  to  find  it  according  to  the  system  of  deca- 
grammes, hectogrammes,  and  kilogrammes,  it  would  be  suffident 
to  substitute,  for  the  ordinary  weights,  an  assortment  of  tbetf 
weights  bearing  the  above  names.  These  three  weightvaone  the 
decuple  one  of  the  other;  and  the  absoiute  weight  of  thai 
called  kilogramme,  is  to  the  absolute  weight  of  that  called 
pound,  in  the  exact  ratio  of  these  two  quantities.  It  may  be  here 
seen,  that,  by  adapting  to  the  steel-yard  a  system  of  diree 
weirittSy  we  may  arrive  at  the  second  decimal,  or  the  centiene^ 
of  me  unity  of  the  weights  employed,  and  even  without  addi^^ 
or  changing  any  thing  m  the  division  of  the  beam* 
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Tl  is  on  this  simple  and  hdvantageous  principle  that  C.  Paul 
lias  constructed  his  universal  steel-yard.  It  serves  for  weighing 
in  the  usilal  manner,  and  according  to  any  system  of  weights,  all 
ponderable  bodies  to  the  precision  of  half  a  grain  in  the  weight 
of  a  hundred  Ounce:* ;  that  is  to  say,  of  a  ten-thousandth  part. 
It  is  employed,  besides,  for  ascertaining  the  specific  gravity  of 
solids,  of  liquids,  and  even  of  the  air  itself,  by  processes  ex- 
tremely simple,  and  which  do  not  require  many  subdivisions  in 
the  weights. 

The  beam  of  this  steel-yard  when  unloaded  rests  in  equilibrio 
in  a  horizontal  position.  The  shears  are  suspended  by  a  screw 
to  a  cross  horizontal  bar  of  wood  supported  by  two  vertical 
pillars,  which  rest  on  the  two  extremities  of  a  small  wooden  box 
furnished  with  three  drawers,  and  which  serves  as  the  stand  of 
the  apparatus.  This  beam  is  divided  into  200  equal  parts^ 
beginning  at  its  centre  of  motion.  The  division  is  differently 
marked  on  the  two  faces :  on  the  anterior  face  the  numbers 
follow  each  other  from  10  to  200,  proceeding  towards  the  ex- 
tremity ;  and  on  the  other  fare,  the  numbers  are  marked  in  the 
opposite  direction.  We  shall  soon  explain  the  use  of  tliis  dif« 
ference  in  the  order  of  numeration. 

A  small  vertical  frame  han;;s  from  the  cross-bar  nearly  at  the 
further  extremity  of  the  steel-yard,  and  Is  destined  to  prevent  the 
oscillation  of  the  beam ;  it  is  placed  at  the  proper  height  by 
means  of  the  nut  and  screw  by  which  it  is  suspended.  Above 
the  beam  is  a  small  cross-bar  of  brass,  suspended  by  its  two 
extremities  from  the  cross-bar  of  wood.  Different  weights  are 
hooked  to  it,  each  having  marked  on  it  its  particular  value. 
And,  in  the  last  place,  a  small  mercurial  thermometer  having 
the  two  most  usual  divisions,  viz.  Fahrenheit's  and  Reaumur's, 
and  destined  to  point  out  the  temperature  of  the  air  and  the 
water  during  the  experiments.  Tlie  axis  of  suspension  of  the 
steel-yard  rests  upon  two  beds  of  very  hard  wcll-polishcd  steel. 
The  case  is  the  same,  but  in  a  reversed  situation,  with  the  axis 
which  supports  the  hook,  that  serves  for  suspending  different 
parts  of  the  apparatus,  according  to  the  purpose  to  which  it  is 
to  be  applied. 

When  you  wish  to  employ  it  as  a  common  steel-yard,  you 
suspend  from  it  a  brass  shell,\\hich  is  an  exact  counterbalance 
for  the  weight  of  the  beam  when  unloaded.  The  latter  then 
assumes  of  itself  a  horizontal  situation.  You  then  search  for 
the  equilibrium  of  the  substance  put  into  this  shell,  by  positing 
at  the  proper  place,  on  the  beam,  the  weight  and  its  fractions 
corresponding  with  the  system  of  weights  adopted ;  and  when 
you  have  found  the  equilibrium,  you  observe  the  weight  indi- 
cated by  the  divisions  on  which  each  of  the  weights  eniployed 
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is  found,  oxmctly  in  the  same  manner  as  is  done  in  regard  to  the 
common  steeUyard* 

There  is  also,  as  part  of  the  apparatus,  a  glass^  shell  suspended 
occasionally  in  ajar  filled  to  a  certain  height  with  water.  This 
shell  is  intended  K>r  experiments  relative  to  the  specific  gravity 
of  solids.  It  is  in  equilibriumy  if,  when  immersed  into  water 
at  2(f  of  Reaumur,  as  far  as  the  junction  of  the  three  siliw 
wires  by  which  it  is  supported,  it  exactly  balances  the  wei^t 
of  the  beam  unloaded. 

When  3'ou  wish,  then,  to  try  the  specific  gravity  of  a  solid, 
you  first  weigh  it  in  air ;  but  by  putting  it  into  the  brass  shell, 
and  then  substituting  the  glass  one,  you  weigh  it  in  water.  It 
is  well  knovin  that  the  difference  of  these  weights,  employed  as 
a  divisor  of  the  total  weight  in  air,  gives  for  quotient  the  spe- 
cific gravity.  Care  must  be  taken,  as  in  all  experiments  of  the 
kind,  that  no  bubble  of  air  adheres  to  that  part  of  the  appantos 
immersed  in  the  water,  or  to  the  substance,  the  weight  of  which 
is  required,  and  which  is  immersed  also. 

There  b  likewise  a  solid  glass  ball  destined  for  the  puipose  of 
ascertaining  the  speci6c  gravity  of  liquids,  in  the  foUowiBg 
manner : — This  piece  is  furnished  with  a  hook  of  fine  goU,  that 
it  may  be  immersed  without  inconvenience  in  acids.  When  it  is 
suspended  to  the  hook  of  the  steel*yard,  and  in  the  air,  it  is  in 
equilibrium  with  llie  beam  loaded  at  its  extremity  (either  at  the 
division  marked  0  (nothing)  on  the  backside  of  ^e  beam)  with 
weights  entitled  specific,  and  ri<r  ^^  specific  hooked  on  at  the 
other. 

This  ball,  immersed  in  distilled  water  at  12*  of  Reaumur  as 
far  a^  the  end  of  the  straight  metal  wire  which  suspends  it,  i» 
still  in  equilibrium  with  these  two  weights  placed  in  the  fol- 
lowing  manner,  viz.  the  large  one  at  the  division  in  the  middle 
of  the  beam  marked  tvater  on  the  backside  of  the  beam,  and  the 
small  one  at  the  division  0,  that  is  to  say,  the  extremity. 
When  the  apparatus  is  thus  prepared,  you  fill  a  jar  with  the 
liquid,  the  specific  gravity  of  which  you  wish  to  ascertain ; 
suspend  the  glass  bidl  to  the  hook  of  the  steel-yard,  and  inunerse 
it  into  the  liquid  till  it  rises  exactly  above  the  ring  from  which 
the  ball  hangs,  observing  the  temperature^  and  diseagaging 
carefully  all  the  air-bubbles  that  may  adhere^to  the  baU;  then 
remove  the  small  weight  to  the  division  0  at  the  end  of  the 
beam,  and  convey  the  laive  one  as  far  as  that  division,  pre* 
ceding  that  where  the  weignt  of  the  ball  would  raise  the  bean; 
and  afterwards  move  die  small  weight  as  far  as  the  divisicK) 
where  the  equilibrium  will  be  restored,  the  beam  being  hori- 
zontal. Mark  the  divbion  at  which  the  large  weight  is  fomiJ, 
and  add  (wo  cyphers ;  to  this  number  add  the  indication  imme- 


Digitized  by 


Google 


Steelyards  to  ascertain  Animal  Strength.  4 1 9 

diatel;  resulting  from  tbe  position  of  the  small  weighty  and  tlie 
sum  of  these  two  numbers  gives  the  specific  gravity  of  the 
liquid,  or  its  ratio  with  the  weight  of  distilled  water,  to  a  ten- 
thousandth  part. 

Hie  larger  balloon  is  uSed  in  trying  the  weight  of  any  given 
J^ind  of  gas  compared  with  that  of  atmospheric  air,  in  the  fol- 
lowii^  manner : — ^Tbe  weight  entitled  air-tare  is  arranged  in 
such  a  manner  that  when  placed  in  a  notch,  at  the  further 
extremity  of  the  beam  beyond  the  divisions,  it  forms  an  equili- 
brium  with  the  balloon  exhausted  by  the  air-pump  and  suspended 
from  the  hook  of  tbe  steel-yard.  If  the  steel-yard  is  not  then 
in  equilibrium,  it  is  an  indication  that  the  instrument  is  deranged, 
or  that  the  vacuum  is  not  perfect.  The  air,  the  relative  weight 
of  which  in  regard  to  atmospheric  air  you  wish  to  ascertain,  is 
to  be  introduced  into  the  balloon,  and  the  weight  marked  air 
is  to  be  moved  along  the  beam.  The  division  at  which  it 
stands  when  an  equilibrium  is  produced,  will  indicate,  in 
hundredth  parts  of  the  weight  of  the  volume  of  atmospheric  air 
that  could  be  contained  in  the  balloon,  the  weight  of  the  gas 
actually  inclosed  in  it.  This  indication  is  read  about  the  middle 
pf  the  anterior  part  of  the  beam,  where  the  words  atmospheric 
uir  are  marked. 

Not  satisfied  with  having  procured  to  philosophers,  and  those 
fopd  of  accurate  experiments,  an  instrument  extremely  conve- 
nient for  the  closet,  and  of  very  extensive  use,  C.  Paul  has 
endeavoured  to  render  this  apparatus  portable,  and  has  con- 
structed various  pocket  steel-yards,  with  which  the  nicest  expe- 
riments may  be  made,  and  the  quality  of  gold  coin  be  ascer- 
tained by  the  trial  of  its  specific  gravity.  They  are  constructed 
exactly  on  the  same  principles  as  the  Roman  small  steel-yard, 
but  are  necessarily  less  extensive  in  their  use.  They  cannot  be 
emplo^^ed,  for  example,  in  determining  the  specific  gravity  of 
an  aenform  fluid,  and  do  not  extend  beyond  100  deniers  of 
weight;  but  as  Uiey  possess  all  the  advantages  of  a  balance, 
besides  dioae  peculiar  to  themselves,  they  are  extremely  conve- 
nient for  philosophers  who  are  obliged  to  travel. 

A  figure  of  this  steel-yard  and  apparatus  may  be  seen  in  Til- 
loch's  Philos.  Magazine,  vol.  iii. 

Stbblyards  to  ascertain  animahtreT^h,m^yresidilj  be  at- 
tached to  almost  any  kind  of  machinery  in  which  animals  are  tbe 
first  movers :  and  it  is  much  to  be  wished  that  experiments  were 
frequently  made  with  ibem,  in  order  that  our  knowledge  on  this 
point  might  be  increased. 

The  fdlowing  contrivance^  falling  mkler  this  head,  has  beeb 
lately  proposed  for  determiniitg  the  power  of  horses  drawing  in 
mills.     Let  ab  (fig.  10.  pl.XXXiL)  be  t^e  vertical  shaft  te 

£B  2 


Digitized  by 


Google 


420  MACHINES. 

vhich  the  borizaulal  liorse-poles  AC,  ad,  are  attached.  Let 
one  horse  work  the  machine  by  drawing  at  the  ear  e;  but 
instead  ]of  the  transverse  splinter-bar^  to  which  the  harness  ii 
iixiedy  being  simply  hung  upon  the  hook  A,  let  a  good  9pnog 
steel-yard  be  interposed  between  that  cross-bar  and  the  hook, 
the  graduations  of  which  shall,  when  the  machinery  is  put  mtn 
motion,  indicate  the  resistance  (in  lbs.)  overcome  by  the  anmal^ 
including  the  weight  of  the  mass  moved,  Uie  friction,  tic. 
Near  the  extremity  of  the  opposite  horse*pole  ad,  let  there  be 
fixed  a  strong  and  correct  common  steel-yard,  w  hose  divisioiii 
shall  shew  the  various  weights  from  40  or  50  to  ?00lbs.  and 
whose  centre  of  motion  shall  be  at  the  pointy*on  the  fixed  stmd. 
Let  the  cord  c,  which  is  fastened  to  the  shorter  arm  of  thb  steet 
J^rdf  pass  (with  as  little  friction  as  possible)  over  the  pulley  p, 
and  thus,  beins  turned  into  the  horizontal  direction,  of  rather 
inclining  a  little  upwards,  let  it  be  fixed  to  the  cross-bar  of  the 
harness  of  a  second  horse,  equal  in  point  of  strength  to  the 
former.  Then,  if  the  two  horses  thus  attached  to  th^  ears  b 
and  F  be  made  to  pass  over  the  walk  in  the  same  direction, 
following  each  other  constantly  at  the  distance  of  a  semi-cir- 
cumference; while  that  which  draws  at  the  ear  £  overcomes 
the  whole  pressure  and  resistance  opposed  by  the  work,  the  other 
which  draws  at  f  by  the  cord  over  the  pulley  p,  will  raise  the 
weight  w  of  the  steel-yard ;  which,  therefore,  by  being  moved 
to  and  fro  upon  the  arm^* i,  may  be  brought  to  exhibit  aa  exact 
counterpoise,  or  measure  of  the  exertion  and  power  of  the  horse. 
■And  in  order  to  ensure  the  greatest  degree  of  HccViracy  in  this 
respect,  the  motion  of  the  two  animals  and  the  position  of  the 
weight  Wf  should  be  so  adjusted,  that  the  same  weight  ^honld  be 
shewn  by  the  graduations  both  of  the  spring  and  6f  the  lever 
steel-yard.  The  shaking  of  the  machinery  will  in  some  measare 
disturb  the  effect:  but  aA  ingenious  manager  of  the  experiments 
wiH  find  means  of  checking  this:  and  as  to  the xeDtrifiiigal  force 
to  which  the  weight  w  is  exposed,  it  will  never  h^  of  material 
connequence  in  any  of  the  slow  motions  which  will  be  produced 
by  this  kind  of  work. 

Eiich  expei  iment  sbonld  occupy  the  place  of  a  fair  day's  work 
for  the  Ubrses :  for  the  conclusions  deduced  from  shorter  and 
irregula^^^^Pts  are  always  erroneous  in  excess,  and  shoald  be 
guarded  against.  The  rate  at  which  the  animals  move  may 
readily  be  ascertained  from  the  known  circumference  of  the 
walk,  and  the  number  of  rounds  they  are  observed  to  make  in 
ten  or  fifteen  minutes. 

A  slight  modification  will  adapt  this  contrivance  to  the  deter* 
ni  illation  of  the  power  of  men  pushing  at  die  bars  of  a  capsltftf 
to  this  end  it  will  only  be  necessary  to  b^ve  a  sufficiently  f  tcbbg 
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frmme  in  form  of  a  t^  one  end  of  which  may  be  fastened  to  a 
uoose  in  the  cord  passing  round  the  pulley  p,  while  a  man  pushes 
at  the  transverse  bar  of  the  frame,  with  the  same  energy  as  he 
would  employ  at  the  capstan  bar. 

By  means  of  such  steel-yards  properly  applied  to  waggons, 
8cc.  upon  tolerably  smooth  roads,  and  two  horses  marching 
abreast  (oue  drawing  the  load,  the  other  raising  the  weight),  ex- 
periments might  be  instituted  to  ascertain  the  magnitude  of  the 
efforts  of  horses  when  drawing  in  rectilinear  paths. 

In  Desaguliers's  Experimei^tal  Philosophy,  vol.  1.  some  steeU 
yards  are  described,  by  which  the  strength  of  men  may  be  as- 
certained when  standing  still,  and  pulUng  or  pushing  upwards  or 
downwards  :  we  had,  at  first,  proposed  to  describe  them  in  this 
place;  but  as  all  these  contrivances  are  nearly  on  the  same  prin- 
ciple, and  may  easily  be  adapted  to  any  particular  purpose,  we 
omit  the  minute  descriptions  and  drawings,  to  maie  room  for 
other  subjects. 

STREAM-MEASt)REK8,  are  iifistruments  by  which  the  ve- 
locity of  currents  of  wa^r  in  rivers^  mill-ponds.  Sic.  may  be  de- 
lermined. 

In  the  introductory  part  of  this  volume,  we  spoke  of  the 
common  and  gross  methods  of  ascertaining  the  velocity  of  run- 
oing  water  in  canals,  &c.  But  as  more  scientific  and  accurate 
methods  have  been  devised,  it  seems  proper  to  insert  the  be^t 
pf  them  with  which  we  are  acquainted,  in  this  place. 

1.  M.  Pitot  invented  a  stream  measurer  of  a  simple  con- 
struction, by  means  of  which  the  velocity  of  any  part  of  a 
stream  may  readily  be  found.  This  instrument  is  composed  of 
two  long  tubes  pf  glass  open  at  both  ends ;  one  of  these  tubes 
is  cylindrical  throughout ;  the  other  has  one  of  its  extremities 
bent  into  nearly  a  right  angle,  and  gradually  enlarges  like  a  fun- 
nel, or  the  mouth  of  a  trumpet :  these  tubes  are  ^both  fixed  in 
grooves  in  a  triangular  prism  of  wood ;  so  that  their  lower  ex- 
tremities are  both  on  the  same  level,  standing  thus  one  by  the 
side  of  the  other,  and  tolerably  well  preserved  from  accidents. 
The  frame  in  which  these  tubes  stand  is  graduated,  close  by 
the  side  of  them,  into  divisions  of  inches  and  lines. 

To  use  this  instrument,  plunge  ii  pci|»eiKiicularly  into  the 
water,  in  such  manner  that  the  opening  of  the  funnel  at  the 
bottom  of  one  of  the  tubes  shall  be  completely  opposed  to  the 
direction  of  the  current,  and  the  water  pass  freely  through  the 
funnel  up  into  the  tube.  Then  observe  to  what  height  the 
water  rises  in  each  tube,  and  note  the  difference  of  altitudes ; 
for  this  difference  will  be  the  height  due  to  the  velocity  of  the 
stream.  It  is  manifest,  that  the  water  in  the  cylindrical  tube 
will  be  raised  to  the  same  height  as  the  surface  of  the  stream^ 
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hj  the  hydrostatic  pressure :  ^Inle  the  water  entering  from  die 
current  by  the  fuiwel  into  the  other  tube^  will  be  compelled  to 
rise  above  that  surface  by  a  space  at  which  it  will  be  sustained 
by  the  impulse  of  the  moving  fluid :  that  is,  the  momentum  of 
the  stream  will  be  in  equilibrio  with  the  column  of  water  sus- 
tained in  one  tube  above  the  surfice  of  that  in  the  other.  In 
estimating  the  velocity  by  means  of  this  instrument,  we  must 
have  recourse  to  the  theory  in  art.  439,  &c.  vol.  I.  as  corrected 
by  the  experiments  in  art.  4G0.  Thus,  if  A,  the  height  of  the 
column  sus^ned  by  the  stream,  or  the  difference  of  heights  in 
the  two  tubes,  be  in  fe^t,  we  shall  have  v  =^Q'b  s/  h,  nearly,  the 
velocity,  per  second,  of  the  stream ;  if  A  be  in  inches,  then 
V  =  22-47  •  A,  nearly. 

It  will  be  easy  to  put  the  funnel  into  the  most  rapid  part  of 
thq  stream,  if  it  be  moved  about  to  different  places  until  the 
difference  of  altitude  in  the  two  tubes  becomes  the  greatest  In 
some  cases  it  will  happen,  that  the  immersion  of  tbe  instrumeni 
will  produce  a  little  eddy  in  tbe  water,  and  thus  disturb  the 
accuracy  of  the  observation ;  but  keeping  the  mstrument  inn 
niersed  only  a  few  seconds  will  correct  this.  The  wind  would 
also  affect  tbe  accuracy  of  the  experiments  ;  it  is,  therefore,  ad- 
visable to  make  them  when  there  is  little  or  no  wind.  By  meant 
of  this  instrument  a  great  number  of  curious  and  useful  observa- 
tions may  easily  be  made :  the  velocity  of  water  at  various 
depths  in  a  canal  or  river  may  be  found  with  tolerable  accuracy, 
and  a  mean  of  the  whole  drawn,  or  they  may  be  applied  to  the 
correcting  of  tl^e  theory  of  waters  running  down  gentle  slopes^ 
The  observations  may  likewise  be  applied  to  ascertain  whether 
the  augmoitations  of  the  velocities  are  in  proportion  to  the  in* 
crease  of  water  passing  atoqg  tlie  same  canal,  or  what  other  re* 
lation  subsists  between  them,  &c. 

Where  great  accuracy  is  not  required,  the  tube,  with  the  fun- 
nel at  l^pttom,  will  alone  be  sufficient ;  as  the  surface  of  the, 
water  will  be  indicated  with  tolerable  precision,  by  that  part  of 
tlie  prismatic  frame  for  the  tube  which  lias  been  rccistened  by 
the  immersion. 

M.  Pitot  likewise  proposed  that  a  similar  instrument  should 
be  used  ins^ad  of  a  log  to  determine  the  rate  at  which  a  ship 
sails,  for  this  purpose^  place  in  the  middle  of  the  vessel,  or  as 
near  as  can  be  ^t  the  centre  of  its  oscillations,  two  tubes  of 
metal  of  throe  or  four  lines  in  diameter,  one  of  them  being 
straight,  the  other  bent  at  bottom,  and  eidarged  into  a  conical 
fumiel;  the  bottoms  of  both  are  to  dip  into  the  water  of  tbe 
sea  in  which  the  vessel  s|uls,  a^  there  will  be  no  evil  to  appre* 
bend  from  ori^ces  fp  minute:  into  these  metallic  tubes  are 
closely  fitted  two  others  of  a  convenient  height  for  tbe  ofoservt- 
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tions.  The  water  will  rise  in  the  first  of  diese  tubes  up  to  itt 
level  on  the  outside  of  the  ship ;  and  in  the  second  up  to  a  cer* 
tain  height,  which  will  indicate,  as  above,  the  velocity  of  the  ves- 
sel :  for  the  funnel  being  turned  towards  the  prow  of  the  ship, 
it  will,  in  consequence  of  the  motion,  be  affected  in  like  manner, 
as  if  it  were  plunged  into  the  stream  of  a  running  water ;  and 
th^  the  velocity  of  the  vessel  is  found  by  the  same  theorem  as 
that  of  the  current*  This  method  has  lately  been  re>proposed 
in  tliis  country,  without  any  acknowledgnients  to  M.  Pitot 
We  do  not,  however,  recommend  its  adoption  aboard  a  ship ; 
for,  notwithstanding  its  theoretical  ingenuity,  it  is  liable  to  many 
sources  of  error  in  tbe  practice,  and  would  not,  it  is  probable, 
furnish  more  accurate  measures  of  a  ship's  way  than  those  de- 
duced from  die  log. 

2.  Another  good  and  simple  method  of  measuring  the  velo- 
ciU  of  water  in  a  canal,  river,  ^c.  is  that  described  by  the  Ahb€ 
mann,  in  his  Treatise  on  Rivers,  Philosophical  Transactions, 
voL  69.  It  is  this:-— Tak^  a  cylindrical  piece  of  dry  light 
wood,  and  of  a  length  something  less  than  the  depth  of  the  wa- 
|er  in  the  river;  about  one  end  of  it  let  th^re  be  suspended  as 
many  small  weights  as  may  keep  the  cylinder  in  a  vertical  or  up- 
right position,  with  its  head  just  above  water.  To  the  centre  of 
this  end  fix  a  small  straight  rod,  precisely  in  the  direction  of  the 
cylinder's  axis :  to  the  end  that,  when  the  instrument  is  sus- 
pended in  the  water,  the  deviations  of  the  rod  from  a  perpen«^ 
dicularity  to  tlie  surface  of  it,  may  indicate  which  end  of  the 
Cylinder  goes  foremost,  by  which  may  be  discovered  the  di£» 
fereqt  velocities  of  the  water  at  different  depths ;  for  when  the 
rod  inclines  foiward,  according  to,  the  direction  of  the  current, 
it  is  a  proof  that  the  si^rface  of  the  water  has  the  greatest  velo- 
city; but  when  it  reclines  backward,  it  shews  that  the  swiftest 
cuiTent  is  at  the  bottom;  and  when  it  remains  perpendi- 
cular, it  is  a  sigu  that  the  velocities  at  the  top  and  bottom  are 
equal. 

This  instrument,  being  placed  in  the  current  of  a  river  or  ca- 
nal, receives  "all  die  percussions  of  the  water  throughout  the 
whole  depth,  and  will  have  an  equal  velocity  with  that  of  the 
whole  current  from  the  surface  to  the  bottom  at  the  place 
where  it  is  pMt  in,  and  by  that  means  may  be  found,  both  with 
exactness  apd  ease,  the  mean  velocity  of  tlu»t  part  of  the  river 
for  any  determinate  distance  and  time. 

!Plit  to  obtain  the  mean  velocity  of  the  whole  secdon  of  the 
river,  the  instrument  must  be  put  sucqessively  both  in  the 
middle  and  towards  the  sides,  because  the  velocities  at  those 
places  are  often  very  different  from  each  other.  Having  by 
l^js  n^ns  found  the  several  velocities^  from  the  spaces  rui^ 
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over  in  certain  times,  the  arithmetical  mean  proportional  of  all 
these  trials,  which  is  found  by  dividin|r  the  common  sum  of 
them  all  by  the  number  of  the  trials,  will  be  the  mean  velocity 
of  the  river  or  canal.  And  if  this  medium  velocity  be  multipir- 
^d  by  the  area  of  the  transverse  secUon  of  the  waters  at  any 
place,  the  product  will  be  the  quantity  running  through  that 
place  in  a  second  of  time.  *  ' 

If  it  be  required  to  find  the  velocity  of  the  current  only  at 
the  surface,  or  at  the  middle,  or  atthebottom,'aspliere  orwood 
loaded,  or  a  common  bottle  corked  with  a  little  water  ih  it,  of 
such  a  weight  as  will  remain  suspended  in  equilibrio  with  the 
water  at  the  surface  or  depth  which  \^e  want  to  ttieasrure,  will 
be  better  for  thp  purpose  than  the  Cylinder,  because  it  is  ovihf 
affected  by  the  water  of  that  sole  part  of  the  current  where  it 
remains  suspsJjded.  *  '  '      . 

Both  the  cylinder  and  the  globe  may  be  easily  guided  into 
that  part  which  we  >vant  to  measure,  by  riieans  of  two  threads 
or  small  cords,  which  two  persons,  one  on  each  side  of  the  ca- 
nal or  river,  must  hold  and  direct;  taking  care  at  the  same 
time  neither  to  retard  nor  accelerate  the  motion  of  the  instru- 
ment. 

SURFACE-PLA  N  iNG  Machinery.  In  October,  1802,  a  pa- 
tent wars  taken  out  by  the  lat^'  Mr.  Joseph  Bramah  for  ma- 
chinery for  the  purpose  of  producing  straight,'  smooth,  parallel 
surfaces,  and  curvilinear  surfaces,  on  wood,  and  other  maierial^ 
requh'ing  accuracy,  in  a  manner  much*  more- expeditious  and 
perfect  than  can  be  performed  by  the  use  of  axes,  ^ws,  planes^ 
and  other  cutting  instruments,  used  by  hand.  As*  many  par- 
ticulafs  in  the  apecification  of  this  patent  are  highly  curious; 
and  Cannot  fail  to  be  very  beneficial^  we  shall  extract  the  greater 
piart  of  it  from  the  Repertory  of  Arts  and  Manufactures^ 
vol.  ii.  N .  S.  ...  :         •     .    •  . 

'  ^'  The  principal  parts  of  my  invention  are  as  follows ;  that  i» 
to  say,  to  shorten  and  reduce  manual  labour,  and  the  coilse* 
qtient  expenses  which  attend  it,' by  produciftig  the  effects  stated 
in  my  patent  by  the  use  of  machinery,  which  may  be  worked  hf 
animal,  elementary,  or  manual  force ;  and  which  «aid  effects  are 
to  produce  straight,  true/ smooth,  and  parallel  surfaces,  in  the 
preparation  of  all  the  <x>niponent  parts  of  work  consbtin^  of 
Wood,  ivory,  horn,  stone,  metals,  or  any  other  sort  of  materials, 
or  composition  usually  prepared,  and  render  it  (Mfm)  true  and 
fit  for  use,  by  means  of  e<lge-tools  of  every  description.  I  do 
not  rest  the  merits  of  this  my  said  invention  on  any  novelty 
in  the  general  principle  of  the  machinery  I  employ,  because  thi 
public  benefit  1  propose  will  rather  depend  on  new  effects,  pit)- 
ikiccd  by  a  new  application  of  principles  already  known,  and 
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machinery  already  in  use  for  other  purposes,  in  various  branche9 
6f  British  manufacturer  This  machinery,  and  the  new  manner 
of  using  it,  with  some  improvements  in  the  construction,  toge- 
ther with  sundry  tools  and  appendages  never  in  use  before^  are 
}>artitularly  described  and  explained  hereunder. 
-"  "  I  mean  to  iise  and  apply  for  the  purposes  above  stated, 
every  kind  of  edge-tool,  or  cutter,  already  known,  either  iii 
their  present  shape,  or  with  such  variations  and  improvements 
a^  the  variety  of  operations  I  may  encounter  may  severally  call 
fbr.  But  the  tools,  instead  of  being  applied  by  hand,  as  usual, 
i  fix,  as  judgment  may  direct,  on  frames  drove  (driven)  by  ma- 
chinery: some  of  which  frames  I  move  in  a  rotary  direction 
round  an  upright  shaft;  and  others  having  their  shaft  13'ing  in 
a  horizontal  position,  like  a  common  lathe  for  turning  wood, 
&c.  In  other  instances  I  fix  these  tools,  cutters,  &c.  on  frames 
which  slide  in  statibn^d  grooves,  or  otherwise,  and  like  the 
former  calculated  for  connexion  with,  and  to  be  driven  by,  ma- 
chinery, all  of  which  are  hereafter  further  explained  and  parti- 
cularised. '    •  '•     - 

**  The  principal  points  on  which  the  merits  of  the  invention 
rest  are  the  folio\^iiig. '  First,  I  cause  the  materials  meant  to  be 
wrought  true  and  perfect,  as  above  described,  to  slide  into  con- 
tact with  the  tool,  instead  of  the  tool  being  carried  by  the  hand 
6ver  the  work,  in  the  usrial'way. 

"  Secondly,  I  make  the  tool,  of  whatsoever  cutting  kind  it 
be,  to  traverse  across  the  work  in  a  square  or  oblique  direction; 
except  in  some  cases,  where  it  may  be  necessary  to  tix  the  tool 
or  cHitet  in'  an  immoveable  station,  and  cause  the  work  to  fall 
in  contact  with  it  by  a  motion,  confining  it  so  to  do,  similar  to 
the  operations  performed  on  a  drawing-bench. 
•   **  lliirdly,  in  sotne  cases  I  use,  instead  of  common  saws,  axes, 

E lanes,  chisels,  and  other  such  instruments,  usually  applied  by 
and ;  cutters,  knives,  shaves,  planes,  and  the  like,  variously,  as 
the  nature  of  the  work  may  render  necessary ;  some  in  form  of 
bent  knives,  spoke-nhaves,  or  deep-cutting  gouges,  similar  to 
those  used  by^  turners  for  cutting  off  the  roughest  part.  I  also 
apply  planes  of  various  shapes  and  construction,  as  the  work 
may  require,  to  follow  the  former  in  succession,  under  the  same 
operation ;  and,  which  latter  I  call  furnishers. 
»  "  Fourthly,  these  cutters,  knives,  Sec.  I  fix  on  frames  of  wood, 
or  metal,  properly  contrived  for  their  reception,  and  from  which 
they  may  be  easily  detached  for  the  purpose  of  sharpening,  and 
the  like — these  I  call  cutter-frames.  These  cutter-frames  I 
fliove  in  cases  like  those  on  which  the  saws  are  fixed  in  a  saw- 
ing-mill,  and  sometimes  to  reciprocate  in  a  horizontal  direction, 
confined  and  stationed,  by  grooves  or  otherwise,  as  may  be 
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found  best  oalcukted  to  answer  tl^e  sevjenl  works  iiitendcuf. 
In  other  iustances,  and  which  I  a|»prebend  will  generally  h^v%, 
the  preference^  I  fix  cutter-frames  on  a  rotary  upright  shaft, 
turning  on  a  step,  and  carr}'ing  the  frame  round  in  a  direcdon 
similar  to  the  upper  mill-stone;  and 'sometimes  I  cause  the 
irames  to  turn  on  a  horizontal  shah,  just  resembling  the  mandrel 
of  a  common  turning-lathe,  or  those  machines  us^  for  cutting 
logwood,  8cc.  for  the  dyers'  uses.  When  these  frames  ara 
mounted  in  any  of  the  foregoing  directions  for  cutting,  planesy 
Sec.  are  fixed  so  as  to  fall  succes^iopally  ( succemctltf)  m  coo? 
tact  with  the  wood  or  other  materials  to  be  cut,  so  that  di« 
cutter  or  tool  calculated  to  take  the  rough  and  hilly  part  ope- 
rates the  first,  and  those  that  follow  must  be  so  regulated  as  la 
reduce  the  material  down  to  the  line  intended  for  die  aiir&ce. 
These  cutter-frames  must  also  have  the  property  of  being  regu- 
lated by  a  screw  or  otherwise,  so  as  to  approach  Jiearer  the 
work,  or  recede  at  pleasure,  in  order  that  a  cjieeper  pr  shallower 
cut  may  be  taken  at  discretion,  or  that  the  machine  may  repeat 
its  action  without  raising  or  depressing  the  materials  on  wnach 
they  act.  The  manner  of  thus  regijating  the  cutter-firanies, 
when  on  an  upright  shaft,  is  particularly  described  belsw. 
These  cutter-frames  may  be  made  of  any  magnitude  and  dU 
mensions  thf  work  requires,  only  observing  to  make  the  diame^ 
ter  of  those  on  the  rotary  plane  so  as  to  exceed  twice  the  widti^ 
of  the  materials  to  be  cut,  as  the  said  materials  must  $lide  so  as 
to  pass  the  shaft  oo  which  the  cutter-frame  revolvef^  when  oil 
the  upright  principle. 

''  Fifdbly,  when  I  use  upright  shafts,  for  the  purpose  of  earryr 
ing  the  cutter-frame  as  above  described,  I  do  not  mean  tkU  th^ 
lower  end  or  point  of  such  shafts  shall  come  in  contact  wub, 
or  rest  on^  the  bottom  of  the  step  or  box  in  which  they  stand; 
neither  do  I  mean  that  such  said  shafts  shall  rest  or  turn  on  any 
stationed  unalterable  point  at  rest,  but  the  pivot  or  lower  point 
of  the  shaft  shall  actually  rest  and  turn  on  a  fluid  body,  such  aa 
oil,  or  any  other  fluid  proper  for  diat  purpose,  a  consid^raUa 
portion  of  which  is  always  to  be  kept  between  the  lower  poinl 
of  the  shaft  and  tlie  bottom  of  the  step  in  which  it  works.  The 
said  shafts  may  be  either  raised  or  depressed  at  pleasure  to  any 
re(}uired  altitude,  by  means  of  a  greater  or  less  quantity  of  th^ 
said  fluid  being  confined  as  aforesaid  between  tiie  end  of  ihe 
shaft  and  the  bottom  of  the  step.  Hiis  device*  I  deem  of  great 
<;onsequeuce  in  the  fabrication  of  all  kmds  of  madiinery,  wberp 

*  See  Count  de  Thiville't  spcoificaiion,  pabliphcd  in  the  fontUenth  vo« 
lume  of  the  iiri»i  series  of  the  Repertory,  or  the  Eu^tish  Encydofadia,  ari. 
WATERWORKS,  for  thc  dcvelopement  of  a  slmiUr  inveatioD. 
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miitsy  aodbeaTy  loaded  Upright  abtfts  ar«  u$ed ;  and  I  perfonii 
it  in  the  following  manner;  that  is  to  say :  Tl^  lower  part  of 
the  shaft  must  be  turned  perfectly  smooth  and  cylindrical,  to  a 
heisht  somethmg  above  tlie  greatest  cUstance  or  length  the  shaft 
inrilT  efer  be  required  to  be  raised  or  depressed  when  in  use. 
This  part  of  the  shaft  I  immerse  or  drop  into  a  hollow  cylinder^ 
^hich  fits  its  circumference  near  enough  to  allow  freedom  of 
motion,  but  sufficiently  fitted  to  prevent  shake.   This  cylinder  I 
call  die  step-cvlinder,  and  (wliich)  must  be  of  a  length  nearly 
equal  to  tfa&t  of  die  cylindrical  part  of  the  shaft  above  mentioned, 
so  that  when  the  point  of  the  m^h  rests  on  the  bottom  of  the  cy- 
linder, the  parallel  or, cylindrical  part  may  be  something  above 
Ae  top  or  upper  end  of  the  step-cylinder.    In  the  upper  end  of 
this  step-cylinder  I  make  a  stuffing-box,  by  means  of  a  double- 
cupped  leather,  or  other  materials,  surrounding  the  cylincbical 
pMTt  of  the  shaft  in  such  a  way  as  will  cause  the  junction,  when 
the  shaft  is  passed  through  it,  to  remaih  water-tight  under  any 
pressure  that  may  be  feh  from  the  efforts  pf  the  fluid  retained 
as  before  mentioned,  to  make  its  escape  upwards  through  this 
pert,  (which)  I  have  called  the  stuffing-box,  when  the  shafts 
with  all  its  bad,  is  passed  through  it,  wd  immeraed  in  the  cy- 
linder below.     When  this  is  done,  the  injecting-pipe  of  a  small 
forcing-pump,  similar  to  those  I  use  in  my  patent-press,  must 
form  a  junction  with  the  step-cylinder  in  some  part  below  the 
atttffing-box ;  then  the  pump  being  worked,  the  oil,  or  other 
fluid  injected  by  it,  will,  by  pressing  in  all  directions,  cause  the 
shaft  to  be  raised  from  its  rest,  on  the  bottom  of  the  cylinder, 
and  to  be  slided  up  through  the  stuffing-box  justt  the  same  as 
the  piston  of  my  patent-press ;  and  by  this  means  the  shaft,  with 
all  its  incumbrance,  and  whatever  may  be  its  weight,  may  be 
raised  to  any  given  point  at  pleasure,  and  at  the  same  time  it 
will  be  left  resting  on  the  fluid  under  it,  whatever  the  quantity 
or  thickness  of  such  fluid  may  be  between  its  poinis  and  the  bot- 
tom of  the  step-cylinder.     By  this  means  the  shaft,  with  all  its 
incumbent  load,  as  aforesaid,  should  it  even  amount  to  hundreds 
or  thotvsands  of  tons,  can  be  easily  raised  and  depressed  to  any 
required  point  at  pleasure,  by  the  alternate  injunction  (if^ec^ 
tion)  or  discharge  of  the  fluid  used,  exactly  the  same  as  per- 
formed by  my  patent  press  as  aforesaid ;  and  at  the  same  time 
all  friction  will  be  avoided,  except  that  of  the  8tuffipg4>ox', 
wfaieh  will  be  comparatively  trifling  to  that  which  would  result 
firom  the  resting  of  such  a  shaft  on  the  bottom  of  die  step,  in 
the  usual  way.     Thus  v^dll  be  gained  the  properties  above 
stated ;  and  in  addition  thereto,  I  think  k  mtfiy  be  inferred,  diat, 
proiaded  the  stuffing-box  is  kept  perfectly  fluid  tight,  such  a 
shaft,  thus  buoyed  up  by  and  turning  in  a  proper  fluid,  may 
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contiiHie  working  for  years,  or  perhaps  hundreds  of  years,  with^ 
out  a  fresh  supply  of  oil,  or  whatever  other  fluid  substance  19 
found  the  most  proper  to  apply. 

*^  Sixthly,  the  material  that  is  to  be  cut  and  made  true  must 
be  firmly  fixed  on  a  platform,  or  frame,  made  to  slide  with 
perfect  truth,  either  on  wheels  or  in  grooves,  Scc.  similar  to 
thoj^e  frames  in  a  saw-mill  Ofi  which  the  timber  is  carried  to  the 
;mws.  These  frames  must  be  moved  in  a  steady  progressive 
xnanner,'  as  the  cutter-frame  turns  round  either  by  the  same 
power  which  moves  the  latter,  or  otherwise,  as  may  be  found 
to  answer  best  In  practice.  This  motion  also  must  be  under 
the  power  of  a  regulator ;  so  that  the  motion  of  the  sliding- 
frame  may  be  properly  adjusted  according  to  the  nature  of  the 
work.  The  motion  or  the  cutter-frames  must  also  be  under  the 
control  of  a  regulator ;  so  that  the  velocity  of  the  tool  in  pass^ 
ing  over  the  work  may  be  made  quicker  or  slower,  as  such  work 
may  respectively  require,  to  cause  the  cutter  to  act  properly, 
and  to  the  best  advantage. 

*^  Seventhly, )  regulate  the  motions  of  both  these  parts  of  the 
apparatus,  as  aforementioned,  by  means  of  a  new  invention^ 
which  r  call  a  universal  regulator  of  velocity,  and  which  i^ 
composed  as  follows ;  viz.  I  take  any  number  of  cog-wheels, 
of  different  diameters,  wiifa  teeth,  diat  will  exactly  6%  each 
other  through  the  whole,  suppose  tei>,  or  any  other  number, 
^.  but  for  example  say  ten,  the  smallest  of  which  shall  not  exceed 
one  inch  in  diameter,  and  the  largest  suppose  ten  inches  in  di^ 
ameter,  and  all  the  rest  to  mount  by  regular  gradations  in  theic 
diameters  from  one  to  ten.  I  fix  these  ten  wheels  fast  and  im- 
moveable, on  an  axis  perfectly  true,  so  as  to  form  a  cone  of 
wheels.  I  then  take  ten  other  wheels,  exactly  the  same  in  all 
respects  as  the  former,  and  fix  theln  on  another  axis,  also  per-^ 
fectly  true,  and  the  wheels  in  conical  gradation  also ;  but  tbesQ 
latter  wheels  I  do  not  fix  fast  on  their  axis,  like  the  former,  but 
leave  them  all  loose  so  as  to  turn  upon  the  said  axis,  contrary 
to  the  former  which  are  fixed.  All  these  latter  wheels  I  have 
the  power  of  locking  by  a  pin,  or  otherwise,  so  that  I  can  at 
discretion  lock  or  set  fast  any  single  wheel  at  pleasure.  1  tbeu 
place  the  two  axises  C^xes)  parallel  to  each  other,  with  the 
wheels  which  form  the  two  cones,  as  above  described,  in  re- 
verse position,  so  that  the  large  wheel  at  the  one  end  of  the 
cone  may  lock  its  teeth  into  the  smallest  one  in  the  cone  oppo- 
site, and  likewise  vice  versa.  Then  suppose  the  axis  on  wiuch 
the  wheels  are  permanently  fixed  to  be  turned  about,  all  the 
wheels  on  the  other  axis  will  be  carried  round  with  an  equal 
velocity  with  the  former,  but  their  axis  will  not  move,  luen 
lock  the  lai|;est  wheel  on  the  loose  axis,  and  by  turning  about 
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fne  fast  (fasfetied)  axis  Us  before,  it  must  make  ten  revolutions 
v^hile  the  opposite  performs  but  one :  then  by  unlocking  the 
largest  wheel  and  locking  the  smallest  one  at  the  contrary  end 
of  the  cone  in  its  stead,  and  turning  as  before,  the  fan  (fasten-' 
ed)  axis  will  then  turn  the  opposite  ten  timesr  while  itself  only 
revolves  once.  Thus  the  axes,  or  shafts,  of  these  cones,  or 
conical  combination  of  wheels,  may  turn  each  other  recipro- 
cally, as  one  to  ten,  and  as  ten  to  one ;  which  collectively  pro- 
duces a  change  in  velocity  under  a  uniform  action  of  the  pri^ 
mum  mobile,  as  ten  to  a  hundred :  for  when  the  small  wheel 
on  the  loose  axis  is  locked,  and  the  fast  one  makes  ten  revolu- 
tions, the  former  will  have  one  hundred.  And  by  adding  to 
the  number  of  those  wheels  and  extending  the  cones  which  may 
be  done  ad  mjinitum,  velocity  may  be  likewise  infinitely  varied 
by  this  simple  contrivance — a  may  turn  b  with  a  speed  ecjual  to 
thousands  or  millions^  of  times  its  own  motion ;  and  by  changing 
a  pin  and  locking  a  different  wheel,  as  above  described,  b  wiU 
turn  A  in  the  same  proportion,  and  their  power  will  (be)  trans^ 
/erred  to  each,  in  proportion  as  their  velocities^  reciprocally. 
Here  is  then  a  universal  regulator  at  once  for  both  power  and 
velocity.  In  some  instances  I  produce  a  like  effect  by  the 
same  necessary  number  of  wheels^  made  to  correspond  in  co- 
nical order,  but  instead  of  being  all  constantly  mounted  on  the 
axises  (axes)  or  shafts,  as  above  described,  they  will  recipro- 
cally (be)  changed  from  one  axis  to  the  other  in  single  pairs, 
match  according  to  the  speed  or  power  wanted,  just  as  in  the 
former  instance.  This  method  will  have  in  all  respects  the 
same  effect,  but  is  not  so  convenient  as  when  the  wheels  are  all 
iixed,  &.C. 

'*  Eighthly,  when  spherical  surfaces  are  to  be  produced  per- 
fectly true,  and  parallel  to  (equidistant  from)  their  centres  in 
all  directions,  I  use  a  tool,  or  cutter,  of  a  proper  shape,  accord- 
ing to  the  nature  of  the  materials  to  be  cut.  lliis  tool  must  be 
fixed  on  a  cutter-frame,  fastened  to  the  rest  of  any  common 
lathe,  so  as  to  present  its  point  exactly  to  a  line  drawn  through 
the  centre  of  the  mandrel  of  the  lathe  Jiorizontally,  and  the 
said  frame  on  which  the  cutter  is  fixed  must  have  the  capacity 
of  drawing  out,  at  pleasure,  to  any  required  distance,  to  accom- 
modate the  diameter  of  the  sphere  to  be  cut  or  turned  true* 
Thi^  cutter-frame  must  be  likewise  made  to  turn  upon  a  centre 
or  pin,  very  firm,  and  steadily  fixed  on  the  rest  above  men- 
tioned, so  as  to  enable  the  cutter  to  be  turned  by  its  frame 
round  a  centre  exactly  perpendicular  to  the  centre  of  the  lathe 
or  line,  befofe  mentioned,  by  which  the  altitude  of  the  tools 
point  is  to  be  regulated ;  when  this  b  done,  and  the  wood  or 
other  materials  fixed  on  the  lathe  in  the  usual  way,  the  cutter- 
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fnune  must  be  dmwn  nearer,  or  fiirdier  ^fistant  ffom  the  cetftre 
on  which  it  turns,,  to  acctHamodate  the  diaBieter,  jost  the  suae 
as  the  comnoD  rest.  If  the  nniterials  be  roughi  aod  require  to 
be  reduced  to  a  sj^ierical  form  by  gradations,  die  work  maj  be 
repeatedly  gone  over  by  the  cutter,  before  it  reaches  the  diune- 
ler  proposMi.  By  tins  simple  apparatus  the  difficult  of  tam- 
ing perfect  spheres  is  overcome ;  as  it  must  be  obvious  to  any 
person  of  the  most  ordinary  capacity  in  mechanics,  diat  while 
the  work  is  turning  in  die  lathe  in  a  vertical  direction,  and  the 
tool  or  cutter  is  by  the  hand,  or  otherwise,  turned,  at  the  same 
time,  iu  a  perfecdy  horizontal  chrectioii,  round  a  centre,  oppo- 
mtt  to  the  actual  centre  of  the  sphere,  die  point  of  the  tool  or 
cutter  must,  of  necessity,  generate  or  turn  a  perfect  sphere,  true 
m  all  directions,  wilhout  the  smallest  attention  or  assistance 
from  the  use  of  the  instrument.  I  mention  h«re  the  ^iplication 
of  the  cutter*frame  te  a  common  hlhe,  conceiving  it  will,  by 
9uch  an  explanation,  be  more  Auniliarly  understood  without  a 
drawing ;  but,  by  thw  method,  spheres  of  any  pracdcal  magni- 
tude may  be  cut  with  perfect  ease  and  certainty. 

**  Ninthly,  when  concave  surfaces  are  to  be  produced  per- 
fectly true,  smooth,  and  parallel  to  (e^idistantjrom)  their  re- 
spective spherical  centres,  tbe  work  is  fixed  on  a  machine  the 
same  in  all  respects  as  the  common  turning  lathe,  as  in  the 
instance  last  referred  to :  I  then  fix  a  tool  or  cutter  on  a  centre, 
^acdy  m  a  line,  both  perpendicular  to,  and  on  a  level  with  the 
exact  centre  of  the  shaft  or  mandrel  on  which  the  work  re* 
volves :  and  which  cutter  or  tool  projects  to  the  reqiured  radial 
distance  with  its  point,  so  that  when  the  work  goes  round  by 
the  revolution  of  the  lathe,  the  tool  or  cutter  at  the  same  time 
revolting  round  its  centre,  a  spherical  concave  will  be  generated 
and  produced  by  the  fluc^n  *  of  its  point,  as  in  the  instance  of 
the  conv^c  sphere. 

^'  Tenthly,  I  convert  solid  wood,  or  other  materia,  into  a 
thin  concave  shell,  similar  to  a  dish,  I  cut  them  alternately  out 
of  each  other,  beginning  at  the  smallest,  by  meaos  of  anodier 
tool  or  cutter,  likewise  moving  on  a  stationed  centre,  as  before, 
exactly  on  a  level  with,  and  perpendicularly  true  with  the  cen- 
tre of  the  mandrel  or  shaft  of  the  machine  on  vrfuch  the  work 
is  fixed.  This  tool,  or  cutter,  is  made  at  its  exterior  point,  or 
cutting  end,  of  such  a  shape  as  best  siuts  the  nature  of  the  wcmIl  : 
and  its  diank,  or  stem,  b  bent  to  the  exact  circle  the  ccmcave  is 
meant  to  be :  it  is  then  fixed  on  an  arm  or  frame  calculated  to 
receive  oidiers  of  different  circles,  according  to  the  work ;  iii 
fact  the  same  frame  may  be  used  which  is  above  described  lo 

*  Compared  wiih  the  rceord. 
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liold  the  tool  for  caldyDg  aftmrts,  either  of  the  conctve  or  con- 
vex kind.  The  tool  must  be  fixed  oa  ^lis  finne  or  ami,  «s 
above  meotioiied,  at  auch  a  radial  distance  from  Ifae  centre  oa 
inrhich  the  frame  or  arm  tmns,  ao  as  to  form  a  quadrant  with  od^ 
1^,  tumiog  on  its  centre,  and  the  tool  foroGung  the  periphery 
with  its  cutting  point  projecting  to  the  line  of  the  deficient  leg. 
j^efore  this  tool  begins  its  action,  a  common  rest  must  be  ap- 
l^ed  close  to  the  face  of  the  work,  in  order  to  support  the  tool 
ivhenlt  begins  its  cut;  and  on  which  rest  the  tool  will  slide  till 
its  point  proceeds  under  the  control  of  the  centre  on  wUch  itr 
frame  is  nxed,  until  it  reaches  the  horizontal  line  of  the  lathe's 
pentre,  when  the  part  cut  off,  or  the  inner  dish,  will  fall  irom  the 
ftock,  and  leave  the  rest  for  the  operation  of  another  too),  of  a 
larger  circle.  Thus  the  operation  maj  be  repeated  till  the 
whole  lump  is  converted  according  to  the  intentions  of  the 
pwner/' 

Mechanism  upon  ^  principte  of  this  speetfioation,  for  plan* 
sng,  has  been  erected  and  employed  to  a  very  great  exieiit,  ii| 
t^  carriage  department  of  the  Aoyal  Arsenal,  Woolwich. 

SYPUON,  wilfa  Close's  and  Venturi's  new  applications  of 
it  to  convey  water  abm>e  the  level  of  the  reservoir.  See  Cban  k. 

T£)£TU  OF  w»»iiLa,and  leaver  o/.pmtojM, require gmat 
care  and  ja^ment  in  their  formation,  that  they  may  aather 
flog  the  machinery  with  unnecessary  friction,  nor  act  so  irre* 
galarly  as  to  produce  any  inequalities  in  the  motion,  and  a 
consequent  wearing  away  of  one  part  before  another  is  much 
affected  by  the  work. 

Several  eminent  mathematicians  upon  the  cotttinent^  and  a 
few  in  England  said  Scotland,  have  directed  their  investigatbna 
towards  a  subject  so  essential  to  the  perfection  of  machinery ; 
yet,  al^i^  Roemer,  Yarignon^  De  la  Hire,  Camus,  Eulor, 
Emerson,  Kaeslaier,  and  Robison,  have  turned  their  thoughts  to 
diis  object^  and  some  of  them  have  struck  out  rules  of  ready 
application  in.  practice,  it  is  to  be  regretted  that  these  rules  have 
hieen  little  followed  by  ipractical  mechanics,  most  of  whom  have 
ill  this  case  been  more  inclined  to  follow  a  set  of  hackneyed  rules 
banded  down  from  one  vrorkman  to  another,  though  completely 
destitute  of  scientific  princmle.  Even  watchmakers,  in  whose 
constructions  a  little  more  than  common  skill  and  nicety  in  the 
execution  might  be  expected,  are  but  few  of  them  acquainted 
with  any  rules  founded  upon  the  deductioosof  accurate  theory; 
but  commonly,  we  are  mfoimed,  give  to  their  teeth  the  shape 
assumed  by  a  horseJiair  when  hdd  bent  betweenthe  fingers  ^  a 
ipethod  so  vague  that  it  is  difficult  to  conceive  how  it  tame  to 
1^  adopted. 
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Th6  bc8t;  trio^  accurate,  aikl  at  the  same  tknt  simple  rti^, 
for  the  formatioQ  of  teeth  and  pinionil,  with. which  we  aYe 
licquaifited,  have  been  given  by  M.  Camus  j  in  the  third  part  of 
bis  Coiirs  de  Mcith^matiquei  and  by  Dr.  Brewster^  among  bis 
judicious  and  yaluable  additions  to  Ftr^mofCs  Lectured.  As 
jFerguson's  work,  with  Dr.  firewater's  Improvements,  may  be 
beneficially  consulted  by  every  practical  mechanic/  we  would 
refer  those  to  it  who  wish  to  pefuse  his  higenious  dissertatioit ; 
and  shall  in  this  place  extract  some  of  the  useful  rfiles  of  Camus, 
translating,  with  occasional  alterations  and  additions,  from  the 
edition  of  1759. 

The  best  form  that  can  be  given  to  the  teeth  of  any  machine^ 
is,  in  general,  thatt  which  v^ill  cause  those  teeth  to  act  upon  each 
other  in  an  equally  favourable  manner,  or  which  will  enable  a 
constant  power  to  communicate  a  uniform  motion.  Now  if  all 
wheek  could  have  their  teeth  infinitely  small,  as  if  two  wheels 
should  have  their  rims  surrounded  with  buff  leather  whose 
protuberances  may  be  considered  as  teeth,  and  then  made  to  act 
on  each  other  (See  the  article  wheel),  their  engagement  might 
be  regarded  as  simple  contact,  and  would  possess  the  desiiped 
property ;  since  the  wheels  would  in  that  case  have  both  the 
same  tangential  force.  The  finite  and  sensiUe  teeth  made  in 
wheels  and  pinions,  and  acting  upon  one  another  in  the  same 
plane,  will  therefore  be  such  as  are  required  when  the  wheel 
moves  the  pinipn,  or  the  pinion  the  wheel,  just  as  though  they 
simply  touched  each  other. 

It  must  be  premised  that  the  distance  from  the  centre  of  sr 
w  heel  or  a  pinion  to  the  extremity  of  any  one  of  its  teeth  or 
leaves,  is  called  the  trice  radius  of  such  wheel  or  piaion ;  and^ 
when  a  wheel  and  pinion  are  properly  fixed  and  adjusted  for  mu^ 
tual  action  upon  each  other,  the  line  drawn  from  one  centre  to 
the  other  is  called  the  line  of  the  centres,  while  the  portions  of 
this  line  into  which  it  is  divided  in  the  respective  ratio  of  the 
number  of  teeth  in  the  wheel  and  pinion,  are  denominated  the 
primitive  radii  of  such  wheel  and  pinion.  Now,  it  is  denion- 
strated  by  Camus,  that  the  wheel  and  pinion  will  have  the  same 
force  for  turning  at  their  primitive  circumferences, when  the  right 
line  drawn  from  the  point  of  contact  of  two  teeth  perpendicular 
to  their  curvature,  passes  through  the  point  which  separates  the 
primitive  radii  of  the  wheel  and  pinion.  Hence,  we  must  re- 
gard as  the  best  figures  which  can  be  given  to  the  teeth  of  wheels 
and  pinions,  those  which  so  act  with  respect  to  each  other,  that 
the  line  perpendicular  to  the  parts  which  touch  will  always  pass 
tiirough  the  seme  point  where  the  primitive  radii  of  the  wheel 
and  piuioii  terminate  iu  the  line  of  the  centies.    This  couditioi^ 
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it  is  well  known  to  niathanatictansy  may  be  secured  by  making 
the  faces  of  the  teedi  epicycloidal,  and  of  magnitudes  regulfitra 
by  those  of  the  wheels  and  the  aamber  of  the  teeth. 

To  convey  a  familiar  idea  of  the  nature  of  epicycloids  to  such 
readers  as  are  not  very  conversant  in  mathematics^  suggesting, 
at  the  same  time,  an  eligible  method  of  describing  them,  a  de« 
iinition  is  here  given. 

Let  there  foe  any  two  circles  car,  ahx,  (fig.  14.  pL 
XXXII.}  formed  of  wood,  or  brass^  or  other  metal,  placed 
upon  a  table  or  upon  a  flat  metallic  plate  so  as  to  touch  each 
other,  as  in  c :  then  if  the  circle  ahx  be  made  to  revolve  with 
its  circumference  always  in  contact  with  the  circumference  of 
the  circle  cab,  a  style,  or  tracing  pin,  or  projecting  point,  fixed 
upon  the  circumference  of  the  revolving  circle,  will,  during  its 
motion,  trace  upon  the  table  or  plate  below  the  two  circl^,  a 
curve  which  is  odled  an  epicycloid.  The  circle  which  in  revolv- 
ing describes  an  epicycloid^  by  a  point  in  its  circumference,  is 
called  the  generating  circk,  and  the  arc  of  the  immoveable  cinde 
nrhich  is  equal  to  the  circumference  of  the  revolving  circle,  and 
every  point  of  which  is  touched  in  succession  by  the  several 
points  of  the  revolving  circumference^  is  called  the  bme  of  the 
epicycloid.  When  the  generating,  circle  revolves  without  the 
immoveable  circle,  the  epicycloid  is  called  an  exterior  epia/* 
cloid;  but  if  the  generating  circle  revolves  within  the  other 
circle,  the  epicycloid  is  call^  interior :  it  is  the  former  to  whicb 
most  persons  have  confined  their  attention  in  discussions  rela- 
tive to  the  teeth  of  wheels.  Epicycloidal  arcs  may  manifestly 
be  described  merely  by  means  of  segments  of  circles  of  a  du^ 
niaffnitude ;  and  little  patterns  of  pasteboard,  or  of  brass,  may 
easuy  be  cut  to  coincide  with  such  arcs,  so  as  to  form  what  the 
workmen  call  templets  or  pattern  teeth,  to  regulate  the  sluipe 
of  those  actually  to  be  constructed  on  a  wheel  or  pinion. 

When  three  circles  car,ahx,aby,  touch  contmually  in  one 
point,  there  will  be  generated  an  exterior  and  an  interior  epicy- 
cloid at  the  same  time:  and  in  this  case  when  the  circle  aby 
has  its  diameter  half  that  of  ahx,  the  interior  epicycloid  he 
which  touches  the  exterior  c£,  will  be  a  right  line  always 
directed  to  the  centre  b,  of  the  circle  ahx.  Hence  it  follows, 
that  when  two  circles,  as  cab,  ahx,  touch  each  other  centj- 
nualfy,  and  the  one  compels  the  other  to  revolve,  canying  it 
aloi^  by  the  point  of  contact  A,  if  we  conceive  a  radius  bb,  in 
the  circle  ahx,  and  after  making  arc  ac  xs  arc  ah,  describe 
through  the  point  c,  taken  as  the  origin,  an  exterior  epicycloid 
c£,  which  Ims  for  its  geaeratins  circfe  one  whose  diameter  is 
equal  to  the  radius  bh,  such  radius  bh  will,  during  the  motion 
of  the  two  circles  cab,  ahx,  always  touch  ^le  epicycloid  c^, 
vol.  J  I.  vv  • 
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in  the  point  e,  where  this  epiqrdoid  b  cat  bj  die  rig^  fine  Jib, 
perpeudicaltr  to  its  corvatare*  Thus^  instead  of  conceivii^ 
that  one  of  these  two  circles  moves  the  other  by  the  poinl  of 
contact  Af  we  may  cause  the  radius  bh  of  the  circle  ah x  to  be 
impdied  by  an  epicycloid  CB,  attached  to  the  circle  car,  and 
described  by  the  motion  of  the  circle  aey,  whose  diameter  is 
equal  to  the  radius  bh:  we  may  also,  reciprocally,  cause  the 
epicycloid  c^  attached  to  the  circle  r,  to  be  impelled  hy  the 
radius  bh  of  the  other  circle;  and  so,  by  means  of  the  epicy- 
cloid CB  and  tlie  radius  bh,  or  a  series  of  such  epicycloids  and 
such  radti  properly  disposed,  the  two  circles  might  move  each 
other  as  though  they  were  impelled  by  the  point  of  contact  a. 
The  best  form  of  teeth  of  wheels  and  pinions  when  one  of  these 
is  to  be  a  right  line,  may  readily  be  deduced  from  this  consi- 
deration. 

If  there  were  only  two  circles  toudiing  one  another  in  the 
point  A,  and  if  the  motion  of  the  one  were  communicated  to 
the  other  by  the  point  of  eontact,  any  point  whatever,  B  of  the 
circumference  aby  (fig.  14.  pi.  XXXII.>would  describe  on  the 
moveable  plane  of  the  circle  car,  an  epicycloid  cb;  and  this 
epicycloid  when  supposed  to  be  attached  to  the  circle  cab, 
would  move  the  circle  aey,  impelling  it  by  the  point  b  of  its 
circumference,  in  the  same  numner  as  the  former  cifde  would 
move  the  latter,  commuoicatii^  motion  to  it  by  the  point  of 
contact  A ;  and  recifH-ocally,  the  point  e  of  the  circumference  of 
the  circle  aey  turning  upon  its  centre  g,  would  cause  the  circle 
CAR  to  revolve,  impelling  it  by  the  epicycloid  ce,  supposed  to 
be  attached  to  this  circle  car  ;  in  the  same  manner  that  the  same 
circle  art  woidd  move  the  circle  car,  by  communicating  its 
motion  through  the  point  of  contact  a.  And  hence  may  be 
deduced  the  bes}  shape  for  the  teeth  of  a  wheel,  when  it  is  to 
drive  instead  of  a  toothed  pinion,  a  lantern  coa4>osed  of 
si>indles. 

Since  it  b  rather  simpler  to  shape  the  teeth  of  a  wheel  to 
engage  with  the  spindles  of  a  lantern,  than  those  which  are  to 
act  with  the  leaves  of  a  pinion ;  we  shall  first  consider  that  case, 
and^  supposing  the  ninuber  of  teeth  of  a  wheel,  and  of  s[Hndles 
of  a  lantern,  together  with  the  distance  of  their  centres,  to  be 
given,  shall  show  how  to  determine  the  primitive  and  true  radius 
of  the  wheel,  the  magnitude  and  shape  of  the  teeth,  and  the 
depdi  of  their  engagement  in  the  lantern. 

Here  we  must  commence  with  supposing  the  spindles  of  the 
lantern  to  be  indefinitely  thin,  such  as  may  be  represented  oti 
any  plane  section  of  the  lantern,  by  mere  central  pomts.  Let, 
then,  the  number  of  teeth  in  the  wheel  be  denoted  by  m 
(suppose  30)  and^he  number  of  spindles  in  the  lantern  by  n 
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(suppose  8),  fliid  let  gp  be  the  line  of  the  centred  (fig.  5. 
pi.  aXXI.)  die  letter  f  being  leferred  to  the  point  of  con- 
course of  the  converging  lines  from  a,  n,  x^  r^  whose  continua* 
tions  are  omitted  in  the  figure,  to  save  room  upon  the  plate. 
Divide  the  whole  line  of  into  two  parts,  in  the  ratio  of  m  to  n, 

that  is.  make  af=  -^po.and  ag=  — ^  fg,  so  will  af  and  AG 

he  the  required  primitive  radii  of  the  wheel  and  lantern.  Widi 
the  primitive  radius  of  the  lantern  describe  the  circle  ABHib, 
and  divide  its  circumference  into  n  (8)  equal  parts,  marking  the 
points  of  division  A,  e,  h,  i,  k,  8cc.  for  the  positions  of  the 
assumed  indefinitely  thin  spindles:  also,  describe  with  the  pri- 
mitive radius  of  the  wheel  the  circumference  cstn,  and  divide 
it  into  m  (30)  equal  parts,  one  of  which  is  CA;  and  let  al  be 
the  small  vacuity  or  interval  which  it  is  thought  proper  to  leave 
between  the  teeth  of  the  wheel,  for  the  play  of  the  engagement. 
Then  ct  will  be  the  foot  of  one  tooth;  through  the  eztremitieB 
of  which  describe  two  opposite  epicycloids  cep  and  lmp, 
which  turn  their  convexities  towards  the  neighbouring  teeth,  and 
which  have  the  circle  can  for  base,  and  ehkA  for  generating 
circle.  And  proceed  in  a  similar  manner  to  describe  the  other 
teedi,  as  aqn,  &c.  From  this  construction  it  is  obvious*  that 
the  distance  from  f,  the  centre  of  the  wheel,  to  p,  the  point  of 
concourse  of  the  two  epicycloids,  forming  a  tooth,  is  the 
greatest  true  radius  that  the  whed  can  have,  in  the  proposed 
case;  and  since  no  more  of  any  tooth  is  wanted,  than  what 
reaches  from  c  to  E,  the  preceding  spindle,  when  the  bottom  l, 
of  the  tooth,  comes  m  contaot  with  the  next  spindle  a,  the  whole 
quantity  epm  may  be  cut  away  from  the  toodi,  and  it  will  still 
continue  effectual  in  the  machinery;  so  diat  the  distance  from  ft, 
to  the  centre  f,  is  the  shortest  radius  vdiich  die  wheel  can 
have,  and  any  radius  may  be  adopted  between  the  liniits  pk 
and  pp. 

Our  next  business  is  to  reform  all  these  teeth,  to  make  tb^n 
accord  with  the  spindles  of  a  finite  diameter,  which  the  wheel 
must  have.  Here,  if  the  radius  of  the  spmdles,  which  we  sup- 
pose equal,  be  given,  describe  widi  this  radius,  on  the  plane  of 
each  tooth,  as  many  smaU  arcs  as  can  well  be  ckme,  having  aH . 
their  centres  in  the  two  epicycloids  which  form  the  tooth ;  and 
trace  out  two  curves,  such  as  no,  so,  through  all  these  arcs 
parallel  to  die  epicydoids,  between  which  the  first  teeth  are 
contained.  These  new  curves  no,  so,  or  TT,  vir,  being  dius 
described,  vrill  reform  die  first  teeA  cpl,  aqn,  &c»  ami  will 
comprehoid  between  them  and  the  i>rimhive  circle  of  the  wheel, 
the  spaces  Ros,  ttV|  &c,  which  will  be  the  proper  figures  of 
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the  teeth  of  the  wheel,  to  drive  the  epindlet  A^  b,  h,  p,  k,  f,  i,  e^ 
the  diameters  of  whidd  are  given.  For»  if  we  imagine  that  the 
centre  k  of  a  spindle  is  moved  by  the  tooth  CPL,  die  curve  &o 
which  is  parallel  to  the  epicycloid  ci*,  and  is  distant  from  the 
radius  of  the  spindle  e,  will  always  touch  the  circumference 
of  that  spindle;  hence  the  curve  ro  will  move  the  cylindric 
spindle,  jast  as  the  tooth  cpl,  formed  by  two  epicycloidal 
portions,  would  move  the  axis  s  of  that  spindle,  consequently^ 
the  tooth  BOS  has  the  proper  form  to  move  a  lantern  with  the 
proposed  cylindric  spindles. 

When  the  common  radius  of  the  spindles  of  the  lantern  is  not 
given,  if  it  be  necessary  to  correct  the  first  teeth  of  the  wheel 
cPLy  AQN,  so  that  the  new  teeth  shall  leave  between  them 
vacuities  equal  to  the  breadth  of  their  feet  \  and  if  it  be  propos- 
ed, likewise,  that  the  play  of  the  engagement  should  fdwajs  be 
equal  to  al;  then  divide  into  two  equal  parts  cD  and  ok  the  foot 
of  the  tooth  CL,  and  having  taken  on  tnoth  sides  of  the  point  n, 
two  parts  DR  and  ds,  equal  to  \  of  the  arc  ac,  the  arc  rs  will 
be  the  foot  of  the  new  tooth  demanded.  Then,  with  a  radius 
equal  to  the  chord  of  the  arc  CR,  trace  out  the  circles  A,  e,  h, 
&c.  which  will  repreyient  the  magnitude  of  the  spindles  of  the 
lantern.  Lastly,  to  complete  the  correction  of  the  first  teeth 
t>f  the  wheel,  describe  with  the  same  radius,  on  the  plane  of 
them,  as  many  small  arc^  as  may  be,  having  their  centres  in  the 
epicycloids  which  comprise  the  first  teeth :  and  if  there  be  drawn 
curves  tiirough  all  these  small  arcs,  such  as  RO  and  so,  or  ty 
and  vY,  we  shall  have  new  teeth  Ros,  and  tvy,  which  will 
leave  vacuities  between  them  equal  to  the  breadth  of  their  feet; 
which  will  have  the  play  demanded,  while  acting  in  each  other^ 
and  which  will  drive  the  spindles  whose  size  has  been  deter- 
mined, in  like  manner  as  the  former  teeth  would  have  driven 
spindles  infinitely  thin. 

Now,  as  the  two  curved  sides  of  each  of  the  new  teet|i  mutu- 
ally terminate  in  the  point  or  edge  of  concourse,  it  is  clear  that 
the  distance  of  of  the  point  of  one  of  these  new  teeth  from 
the  centre  f  of  the  wlieel  will  be  the  greatest  true  radius  the 
wheel  will  admit  of.  And,  when  a  spindle  e  has  been  moved 
till  the  centre  A  of  the  following  spindle  is  in  the  line  gf  ef  the 
centres,  the  spindle  a  may,  in  its  turn,  be  moved  by  the  suc- 
ceeding tooth  tyv  ;  and  then  it  will  be  no  longer  necessary  for 
the  tooth  ROS,  to  nK>ve  the  cylindric  spindle  B.  The  tooth 
ROS,  therefore,  may  be  terminated  at  the  point  x  where  it 
touches  the  spindle  £,  when  the  centre  of  the  succeeding  spiudJe 
is  iu  the  line  of  the  centres ;  and  the  distance  x  f  of  that  point 
of  contact  from  the  centre  of  the  wheel  will  be  the  least  true 
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radios  the  wheel  will  admit  of.  It  will  be  proper  to  give  the 
troe  radius  of  the  wheel  a  mean  length  between  of  and  xf^  and 
to  file  or  round  off  the  point  of  the  tooth. 

The  teeth  of  the  wheel  bebg  thus  constrdcted,  it  is  obvious 
that  they  will  not  move  the  spbdles  till  their  centres  have 
arrived  at  the  line  of  centres;  and  that  the  spindles,  on  the 
contrary,  will  move  these  teeth  by  impelling  them  towards  tlie. 
line  of  the  centres  ^f,  and  until  iheir  centres  have  arrived  at 
ibat  line. 

The  sides  tz  and  stc,  of  the  vacuities  sunk  in  the  primitive 
wheel,  being  directed  towards  the  centre  f  of  the  wheel,  the 
rounding  of  the  spindle  which  proceeds  beyond  the  primitive 
circle  of  the  lantern,  ought  Jo  have  the  shape  of  an  epicycloid, 
which  has  for  its  base  the  primitive  circle  of  the  lantern,  and  is 
generated  by  a  circle  having  a  diameter  equal  to  the  radius  af 
of  the  wheel.  Hence  a  circular  spindle  does  not  appear  proper 
to  be  carried  towards  the  line  of  the  centres,  by  the  side  tz  of 
the  vacuity  sunk  into  the  primitive  wheel.  But  the  preceding 
spmdle  £,  being  conducted  bv  the  preceding  tooth  of  die  wheel^ 
until  the  centre  of  the  spindle  a  has  arriv^  in  the  line  of  the 
centres,  and  the  space  ta  which  the  right  line  tz  ought  to  make 
the  spindle  pass  over,  before  it  attains  the  line  of  the  centres, 
being  very  short;  the  arc  of  the  spindle  on  which  the  side  TZ 
will  slide,  in  driving  that  spindle  will  be  so  minute  that  it  may 
be  taken  for  a  small  arc  of  an  epicycloid,  and  of  consequence, 
if  there  be  any  want  of  uniformity  in  the  movement  of  the 
lantern  by  the  wheel,  during  the  little  time  the  part  tz  of  the 
tooth  moves  the  spindle,  this  deviation  from  uniformity  will  be 
too  small  to  be  sensible. 

It  may  not  be  amiss  to  observe  that,  since  the  teeth  of  a 
wheel  rau!<t  by  impelling  the  spindles  of  a  lantern,  remove  them 
from  the  line  of  the  centres,  and  since  no  shocks  need  be  feared 
in  this  method  of  moving  a  lantern,  a  lantern  may,  without 
any  i;iconvenience,  be  caused  to  be  moved  by  a  wheel.  Bu^ 
wyci^f  on  the  other  hand,  the  spindle  of  a  lantern  ought  by  ixn* 
pelliog  the  teeth  of  a  wheel  to  bring  them  nearer  to  ttte  line  of 
the  centres,  and  since  shocks  may  occiu*  in  this  method  of  driving 
9  wheel,  it  seems  reasonable  to  conclude  that  a  pinion  is  pre- 
ferable to  a  lantern  when  a  wheel  is  to  be  driven. 

We  may  next  proceed  to  consider  the  case,  in  which,  know- 
ing tjhe  nmnber  of  teeth  in  a  wheel,  and  the  number  of  the  leaves 
oi  tbjepinioH  upon  which  it  is  to  act,  with  the  distance  of  their 
centres,  we  wish  to  determine  their  primitive  and  true  radii, 
as  well  as  the  form  of  the  teeth  of  the  wheel,  and  the  leaves  of 
the  pinion.  Here,  having,  as  in  the  former  instance,  divided  the 
^stance  fb  of  the  centres,  (fig.  VS.  pi.  XXXll.)  into  twp  parti 
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j^F  and  AB|  proportioqal  to  die  number  of  the  teedi  of  the  wheel, 
and  leaves  of  the  pinion  respectively,  these  parti  will  be  the 
primitive  radii  of  the  wheel  and  the  pinion;  and  if  there  be 
described  vritb  diese  two  parts  as  radu,  from  the  points  f  and  b 
ab  centres,  two  circumfer«M:es  aqr,  atx,  touching  each  other 
in  the  point  a,  diey  will  be  those  of  the  primitive  wheel  and 
pinion* 

It  is  common  to  shape  a  wheel  so  that  the  breaddi  of  the 
teeth  is  equal  to  that  of  the  vacuities,  which  is  called  by  the 
French — Fendre  um  roue  tant  pkin  que  vuide.  In  this  case 
divide  the  primitive  circumference  of  the  wheel  into  twice  as 
many  equal  parts  as  it  ought  to  have  teeth,  in  order  to  fix  die 
feet  CA,  LQ,  &c.  of  these  teeth,  and  the  vacuities  Ah,  gq,  &c. 
which  ought  to  be  interposed.  But  if  it  be  proposed  that  the 
teeth  should  fill  more  space  than  the  vacuities,  as  is  proper  in 
certain  circumstances,  we  must  first  divide  the  primiuve  cir« 
cumference  into  as  many  equal  parts  cl,  lo,  8cc.  as  it  ought  to 
have  teeth ;  and  afterwards  divide  each  part,  such  as  cl,  into 
two  other  parts,  CA,  al,  one  of  them  equal  to  the  breadth 
which  we  would  give  to  each  tooth,  and  the  other  equal  to  the 
interval  proposed  to  be  put  between  two  teeth.  The  feet  ci, 
LQ,  &c.  of  all  the  teeth  being  determined  upon  the  primitive 
circumference  of  the  wheel,  draw  through  the  extremities  of 
these  teeth,  towards  the  centre  of  the  wheel,  right  lines  cc,  a^ 
l/,  Qq^  &c.  nearly  equal  to  the  breadth  CA,  lq,  of  these  feet,  to 
mark  out  the  straight  flanks  of  the  teeth;  and  through  the  ex- 
tremities of  each  foot,  as  ca,  let  there  be  drawn  two  equal 
eoicycloids  CP,  ap,  whose  generating  circle  aby  has  the  radius 
a\  of  the  pinion,  for  its  diameter,  and  both  of  whicliMiave  the 
pranitive  circumference  of  the  wheel  for  the  base.  These 
epicycloids,  when  traced  out,  ^'ill  include  those  parts  of  the 
teeth  which  project  beyond  the  primitive  circle  of  the  wheel, 
in  such  manner,  that  the  right  line  fp,  drawn  from  the  centre 
of  the  wheel  to  the  point  p,  of  concourse,  of  the  two  epicycloids 
of  one  toodi,  vrill  be  the  greatest  true  radius  which  the  wheel 
admits,  relatively  to  the  spaces  given  to  the  teeth,  and  to  the 
intervening  vacmties. 

Having  divided  the  primitive  circumference  of  the  pinion 
into  as  many  equal  parts  oh,  hs,  &c.  as  it  ought  to  have  leaves, 
each  part  aa  oh,  must  again  be  divided  into  two  other  parts  oo, 
OH,  one  equal  to  the  thickness  we  would  give  to  the  leaf,  and 
the  other  to  the  breadth  of  the  vacuity  proposed  to  be  left 
between  two  leaves;  giving  to  oh  a  breadth  rather  exceeding 
that  of  a  tooth  of  the  wheel,  to  furnish  suitable  play  to  tb4 
eng^;ement.  All  the  breadths  oo,  hA,  &c.  bein^  thus  deten 
minedf  draw  right  lines  a  little  longer  than  the  projection  pp,  o{ 
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the  teeth  of  the  wheel,  h^jond  their  primitive  circle,  Aroi^ 
their  extremities,  towards  the  centre  b  of  the  pinigo;  aod  these 
lines  will  serve  as  flanks  to  the  leaves  of  the  pinioHi  and  will 
determine  the  vacuities  in  which  the  teeth  of  the  wheel  will 
act  with  the  proper  play.  Then  describe  through  the  extremi- 
ties of  the  straight  sides  of  each  leaf  two  epicycloids,  as  om,  om, 
whose  generating  circle  avf  has  for  diameter  the  radius  of  the 
wheel,  and  both  of  which  have  for  base  the  primitive,  circum- 
ference of  the  pinion :  these  epicycloids  being  traced  out,  will 
contain  between  them  the  parts  of  the  leaves  which  project 
beyond  the  primitive  circle  of  the  pinion,  so  that  the  right  line 
Bm  drawn  from  the  centre  of  the  pinion  to  the  point  of  concourse 
m  of  the  two  epicycloids  of  the  same  leaf  will  be  the  greatest 
true  radius  that  the  pinion  will  admit  of,  relatively  to  the 
thickness  of  its  leaves.  The  parts  of  the  teeth  of  both  wheel 
and  pinion  which  are  left  unshaded  in  the  figure  m^  be 
rounded  off,  being  never  exposed  to  mutual  action  upon  one 
another. 

The  preceding  directions  may  suffice  to  convey  a  tolerably 
distinct  notion  of  the  scientific  method  of  forming  teeth  of 
^heels^  to  act  with  either  pinions  or  lanterns,,  when  the  motion 
is  communicated  in  the  same  plane:  our  next  business  is  to 
speak  of  the  teeth  of  crown  wheels,  when  driving  either  a 
lantern,  or  another  wheel,  their  axles  being  in  different  planes* 
The  space  assigned  to  this  article  compels  us  to  confine  our- 
^ves  to  the  case  of  a  crown  wheel  driving  a  lantern,  whose 
spindles  are  ranged  in  the  surface  of  a  cone,  in  which  case 
the  teeth  must  be  shaped  by  means  of  a  spherical  epicycloid*. 
Here  the  first  thing  is  to  trace  out  the  teeth  of  a  wheel  as 
though  it  had  to  drive  a  lantern  with  spindles  infinitely  thin, 
observing  to  leave  for  die  play  of  the  engagement  small  void 

{>laces  between  the  feet  of  all  the  teeth,    Then^  having  made  a 
antem  with  conical  spindles^  all  the  summits  of  whith  .coiw 

*  Let  there  be  a  right  cone,  the  sammit  of  which  c  remains  immoveablee 
if  the  base  of  this  cone  be  made  to  revolve  on  any  plane  ras  (fi^.  1,  ^ 
pi.  XXXV.)  placed  at  pleasure  in  respect  of  the  point  c,  and  if  we  imagine 
a  stvle  or  tracer  situated  in  the  point  a  of  the  circumference  of  the  revolving 
circle,  this  style  a  will  describe  during  tbi  motion  a  curve  called  a  sphericai 
epicycloid.  This  curve  has  not,  that  we  are  aware  of,  been  treated  at  Isige 
in  any  English  work;  but  the  curious  reader  may  consult  the  following 
papers  in  foreign  publications.  Jacobi  Hermanni  de  £pi^cloidibu8 
spboericis.  Comment  acad.  PetropoK  tom.  1.  an.  17S6;— De  la  Hire 
Traitd  des  Epicycloides,  et  de  leors  usages  dans  les  M^chaniques.  Hist 
acad.  roy.  Paris.  1730,  tom.  9;— Probleme  sor  les  Epicycloides  sph^riqoes 
par.  M.  fiemouUi,  Mem.  Acad.  Roy.  Pftr.  1732;— >Des  Epicvoloidcs 
sph^ues,  par  M.Clairaut,  Do. an.  173S ;— a.  J.  Le3cell,deepicycioidibtta 
in  supoficie  sphaerica  descriptis.  Act.  Acad.  Imp.  Petropol.  1779*  P*  ^ 
p.  49. 
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verge  to  the  centre  c  of  the  spherical  zone,  (figs.  1,  2. 
pi.  XX XV*)  in  which  At  epicycloidal  teeth  have  been  cut, 
mark  on  die  exterior  surface  of  this  zone  the  diameter  which  one 
spindle  has  at  the  place  a,  that  answers  to  such  surface;  oad 
mark,  likewise,  on  the  interior  surface  of  the  same  belt,  die 
diameter  which  the  same  spindle  has  at  the  point  a  where  it 
cuts  that  surface. 

The  diameters  which  the  spindles  will  have  in  the  opposite 
surfiftces  of  die  toothed  spherical  zone,  being  marked  upon  these 
surfaces,  take  upon  the  same  the  chords  of  half  the  area  to 
which  diese  diameters  answer.  These  cords,  which  will  not 
be  sensibly  longer  than  the  radii  of  a  spindle,  measured  at 
the  places  where  it  is  cut  by  the  t^vo  spherical  surfaces  of  the 
zone,  being  taken  for  radii;  describe  on  the  exterior  and  interior 
Aices  of  each  tooth  as  many  little  arcs  as  can  well  be,  havttig 
their<Gentres  in  the  epicycloids,  between  which  these  fiKres  are 
contained.  Then,  making  curves  to  touch  all  these  little  arcs, 
such  as  CM,  VN,  which  will  necessarily  be  parallel  to  the 
epicycloids  first  traced  out,  and  which  will  form  the  curved 
parts  of  the  new  teeth,  proper  to  drive  the  conical  spimBe 
already  spoken  of,  make  m  the  rim  of  the  ^heel,  below  ttie 
primitive  circle  res,  hollows  such  as  vxyz,  terminated  by  the 
planes  which  pass  through  the  axis  of  die  wheel  and  the  origins 
▼,  atid  T,  of  the  curves  parallel  to  the  epicycloids.  The  corves 
OM  and  VN,  and  the  straight  flanks  op  and  vx,  of  every  new 
tooth,  being  traced  upon  the  interior  and  exterior  surfaces  of 
the  spherical  zone,  let  the  teeth  be  cut  so  that  aright  line  fixed 
by  its  extremity  at  the  centre  c  of  the  dentated  zone,  bemg 
carried  along  the  sides  pom,  xvn,  of  the  exterior  surface  of 
each  tooth,  may  be  applied  exactly  upon  the  lateral  surfaces 
of  these  teeth ;  then  will  be  had  a  proper  wheel  to  move  the 
lantern  with  conical  s^nndles,  for  which  it  has  been  constructed. 
^  Though  figs.  J,  2.  exhibit  only  spherical  epicycloids,  con- 
taining the  exterior  faces  of  the  first  teeth,  proper  to  move 
infinitely  thin  spindles,  and  though,  to  avoid  confusion,  those 
have  been  suppressed  which  ought  to  contain  the  interior  fiices 
of  the  same  teeth ;  we  have,  neverdieless,  traced  out  all  the 
curves  which  must  be  drawn  parallel  to  these  epicycloids  in 
order  to  reform  the  first  teeth,  and  put  them  in  a  state  to  move 
uniformly,  a  lantern  with  conical  spindles,  the  common  vertex 
of  ^ hich  is  in  the  axis  of  the  wheel.  Also,  as  the  small  area  of 
circles  which  ought  to  have  their  centres  in  the  spherical 
epicycloids,  and  through  which  it  is  requisite  to  draw  the  curves 
parallel  to  these  epicycloids,  might  have  caused  confusion  had 
they  been  traced  upon  the  faces  of  ell  the  teeth,  they  have  been 
described  to  form  only  one  exterior  side  of  that  tooth  which  is 
marked  H. 
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Camtt8*8  dissertation,  which  occupies  more  dian  100  pages  in 
his  Course,  gives  many  other  useful  directions  for  the  forma- 
tion of  teeth  for  different  purposes,  and  exhibits  several  inge- 
nious rules  for  the  calculation  of  the  relative  numbers  of  the 
teeth  in  clock-work,  and  other  machinery.  As,  however,  the 
other  parts  of  Camus's  Course  contain  but  little  that  is  im- 
portant and  valuable  in  the  present  advanced  state  of  mathema- 
tical knowledge,  we  are  glad  to  be  able  to  refer  the  Englisli 
reader  to  a  translation  of  that  part  of  his  work  alone  which 
relates  to  the  present  subject,  and  which  has  been  recently 
published  by  Mr.  Taylor^  of  the  Architectural  Library,  Hol- 
bom. 

The  preceding  are  some  of  the  best  methods  suggested  by 
theoi^  for  the  formation  of  the  teeth  of  wheels ;  but  it  is  sel- 
dom mdeed  that  any  of  them  are  made  use  of  by  practical  me- 
chanics. Among  ibem  various  methods  are  practised,  almost 
every  celebrated  millwright  or  engineer  having  his  favourite 
construction:  of  these  we  shall  only  describe  one  in  this  place; 
and  that^  being  tolerably  easy  in  application,  allowing  much 
strength  to  the  teeth,  while  it  is  pretty  free  from  friction  in 
comparison  with  many  practical  meihods,  may  sometimes,  per- 
haps, be  safely  adopted.  Let  a  and  b  (tig.  1 1.  pi.  XXXV.)  be 
two  spur-wheels  of  different  diameters,  of  which  the  cogs  are 
intended  to  work  into  each  other  half  the  pitch.  The  dotted 
circular  arcs  gh,  ef,  touching  each  other  between  s  and  d,  are 
the  centre  or  pitch  hues,  from  wiiich  the  teeth  are  formed,  if 
the  teeth  of  both  wheels  are  iron,  as  is  generally  the  case  in  the 
first  motions  of  works,  those  teeth  are  then  made  nearly  both 
of  a  size  at  the  pitch  hue:  but  if  the  teeth  of  one  be  wood  and 
the  other  iron,  then  the  iron  ones  are  made  to  have  a  good  deal 
less  pitch  than  the  wooden  ones;  for  then  they  are  found  to 
wear  better.  In  the  figure  both  are  supposed  of  iron.  Suppose 
the  wheels  to  move  from  g  towards  h,  and  from  b  towards  f» 
and  that  the  sides  of  the  teeth  at  b,  c,  and  d,  e,  are  in  contact. 
From  6  as  a  centre  with  a  radius  equal  to  bp,  describe  the  arcs 
pd,  Im;  from  c^  as  a  centre  with  the  same  radius  the  arcs  hi^/gf 
ck.  Thus  the  same  opening  of  the  compasses,  and  a  centre 
chosen  where  the  wheels  are  in  contact  on  the  pitch  line,  will 
mark  die  contour  of  the  upper  part  of  a  tooth  of  one  wheel,  and 
the  fower  part  of  a  corresponding  tooth  of  the  other  wheel : 
and  by  taking  several  centres  on  the  two  pitch  lines,  the  various 
teeth  may  be  formed.  To  prevent  the  cogs  from  bottoming^  as 
the  workmen  call  it,  let  the  lower  part  re  of  one  tooth  be  made 
rather  longer  than  the  upper  part  pd  of  the  other  which  is  to 
play  into  iL  The  way  in  which  cogs  tJjus  constructed  will 
work  into  one  anodier  may  be  understood  by  considering  tlie 
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motidn  of  two  of  them,  n  and  o  for  example:  when  they  first 
come  into  contact  they  will  appear  as  at  the  curve  xb  tz  ;  when 
they  arrive  at  q  the  same  sides  will  appear  as  in  the  dotted  lines 
there  represented ;  and  when  the  same  arrive  at  hs,  diey  are  in 
contact  on  their  middle  points. 

In  bevel  work  (see  fig*  7.  pi.  III.)  when  diis  method  of  form- 
ing th^  teeth  is  adopted,  the  radii  hy^  gy,  of  the  wheels  must  not 
be  taken  as  those  of  the  spur^-wheei ;  but  drawing  a  line  through 
y  perpendicular  to  jry,  till  it  meets  xg^  and  xh,  produced,  toe 
segments  of  that  line  intercepted  between  y,  and  the  produced 
lines  xg,  xh,  must  be  used  as  the  radii  of  the  splir-wheels,  and 
the  other  part  of  the  construction  will  be  as  above.  The  line 
through  y  drawn  perpendicular  to  xy^  is  called  by  millwrights 
square  of  the  bevel.  For  more  on  the  subject  of  bevel  geer, 
consult  the  introductory  port  of  this  volume.  And  for  Mr, 
Maudslay's  contrivance  for  cuttif^  teeth  of  wheels^  see  tha 
article  turning. 

A  very  ingenious  disquisition  on  tbe  theory  and  pnustice  of 
forming  tee&  and  pinions,  &c.  is  given  by  M.  Hachette  ip  hit 
Traite  des  Machines;  but  the  illustrative  plates  are  too  niuner- 
ous  and  too  large  to  be  conveniently  introduced  into  this  work. 

TELEGRAPH  (derived  from  thjXm  and  /fa^cy),  is  the  name 
very  properly  given  to  an  instrimnent,  by  means  of  which  in* 
formation  may  be  almost  instantaneously  conveyed  to  a  consi* 
derable  distance. 

The  telegraph,  though  it  has  been  generally  known  and  used 
by  the  modems  only  for  a  few  years,  is  by  no  means  a  modem 
invention,  lliere  is  reason  to  believe  that  amongst  the  Greeks 
there  was  some  sort  of  telegraph  in  use.  The  burning  of  Troy 
was  certainly  known  in  Greece  very  soon  after  it  happened, 
and  before  any  person  had  returned  from  thence.  Now  that 
was  altogether  so  tedious  a  piece  of  business,  that  conjecture 
never  could  have  supplied  the  place  of  information.  A  Greek 
play  begins  with  a  scene,  in  which  a  watchman  descends  from 
the  top  of  a  tower  in  Greece,  and  gives  the  information  that 
Troy  was  taken.  ''  I  have  been  looking  out  these  ten  years 
(says  he)  to  see  when  that  would  happen,  and  this  night  it  is 
done/'  Of  the  antiquity  of  a  mode  of  conveying  intelligence 
quickly  to  a  great  distance  this  is  certainly  a  proof. 

The  Chinese,  when  they  send  cotu'iers  on  the  great  canal,  or 
when  any  great  man  travels  there,  make  signals  by  fire  from  one 
day's  journey  to  another,  to  have  every  thing  prepared;  and 
most  of  the  barbarous  nations  used  formerly  to  give  me  alarm  of 
war  by  fires  lichted  on  the  hills  or  lising  groui^. 

Polybius  calls  the  different  instruments  used  by  the  ancients 
for  conmiunicating  information  itvfmeu,  pyrsia,  because  the 
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s^als  were  always  made  by  means  of  fire.  At  first  they  com- 
municated information  of  events  merely  by  torches;  but  this 
mediod  was  of  little  use,  because  it  was  necessary  beforehand 
to  fix  the  meaning  of  every  particular  signal.  Now  as  events 
are  exceedingly  various,  it  was  impossible  to  express  the  greater 
mimber  of  fiiem  by  any  premeditated  contrivance.  It  was 
easy^  for  instance,  to  express  by  signab  that  a  fleet  had  arrived 
at  such  a  place,  because  this  had  been  foreseen,  and  signals 
accordingly  had  been  agreed  upon  to  denote  it ;  but  an  unex- 
pected revolt,  a  murder,  and  such  accidents,  as  happen  but  too 
often,  and  require  an  immediate  remedy,  could  not  be  com- 
mnnicated  by  such  signals ;  because  to  foresee  them  was  im- 
possible. 

A  new  method  was  invented  by  Cleoxenus  (others  say  by 
Democritus),  and  very  much  improved  by  Poly  bins,  as  he  him- 
self informs  us.  He  describes  this  method  as  follows :  Take  the 
letters  of  the  (Greek)  alphabet,  and  divide  them  into  five  parts, 
each  of  which  will  consist  of  five  letters,  except  the  last  divi- 
sion, which  will  have  only  four.  Let  these  be  fixed  on  a 
board  in  five  columns.  The  man  who  is  to  give  the  signals  is 
then  to  begin  by  holding  up  tivo  torches,  which  he  is  to  keep 
aloft  till  the  other  party  has  also  shewn  two.  This  is  only  to 
show  that  both  sides  are  ready.  These  first  torches  are  then 
wididrawn.  Both  parties  are  provided  with  boards,  on  whicli 
the  letters  are  disposed  as  formerly  described.  TTie  person, 
then,  who  gives  the  signal  is  to  hold  up  torches  on  the  left  to 
point  out  to  the  other  party  from  what  column  he  shall  take  the 
letters  as  they  are  pointed  out  to  him.  If  it  is  to  be  from  the 
first  column,  he  holds  up  one  torch ;  if  from  the  second,  two ; 
and  so  pn  for  the  others.  He  is  then  to  hold  up  torches  ou  the 
right,  to  denote  the  particular  letter  of  the  column  that  b  to  be 
taken.  All  this  must  have  been  agreed  on  beforehand.  The 
man  who  gives  the  signals  must  have  an  instrument  (fto^Y^ay  ), 
consisting  of  two  tubes,  and  so  placed  as  that,  by  looking 
through  one  of  them,  he  can  see  only  the  right  side,  and  through 
the  other  only  the  left,  of  him  who  is  to  answer.  The  board 
must  be  set  up  near  this  instrument;  and  the  station  on  the  right 
and  left  must  be  surrounded  with  a  wall  (iragatipax^^^)  ^^  ^^^ 
broad,  and  about  the  height  of  a  man,  that  the  torches  raised 
above  it  may  give  a  clear  and  strong  light,  and  that  when  taken 
down  they  may  be  completely  concealed.  Let  us  now  suppose 
^t  this  information  is  to  be  communicated — J  number  of  the 
anxiKaries,  about  a  hundred,have  gone  over  to  the  enemy,  uk  the 
first  place,  words  must  be  chosen  that  will  convey  the  informa- 
tion m  the  fewest  letters  possible ;  as,  A  hundred  Cretans  have 
deserted,  Kpel§$  iKolor  af  ij^ow  ijwTo/wAijray.  Having  written  down 
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this  sentence,  it  is  conveyed  in  thb  manner.  The  first  letter 
is  a  K,  which  is  in  the  seoond  column;  two  torches  are  there- 
fore to  be  raised  on  the  left  hand  to  inform  the  person  who 
receives  the  signals  to  look  into  that  particular  column.  Then 
five  torches  are  to  be  held  up  op  the  right,  to  mark  the  letter  k, 
which  is  the  left  in  the  column.  Then  four  torches  are  to  be 
held  up  on  the  left  to  point  oiJit  the  ^  (r),  which  is  in  the  fourth 
column,  and  two  on  the  right  to  sho\Ar  that  it  is  the  second  letter 
of  that  column.  The  other  letters  are  pointed  out  in  the  same 
manner. — Such  was  th^pyrsia  or  telegraph  recommended  by 
Polyjbius. 

But  ^either  this  nor  apy  other  method  mentioned  by  the  an- 
cients seems  ever  to  have  been  brought  into  general  use  :  nor 
does  it  appear  that  the  moderns  had  thought  of  such  a  machine 
as  a  telegraph  till  jthe  year  i66S,  when  the  marquis  of  VVor- 
cesteo  IP  his  Century  of  Inventions,  affirmed  that  he  had  dis- 
covered ^  a  method  by  which,  at  a  window,  as  far  as  eye  can 
discover  black  from  white,  a  man  may  hold  discourse  with  his 
correspondent,  without  noise  made  or  notice  taken ;  being  ac- 
cording to  occasion  given,  pr  means  afforded,  ex  re  nata,  and 
no  need  of  provision  beforehand ;  though  much  better  if  fore- 
seen, and  course  taken  by  mutual  consent  of  parties.*'  This  could 
be  doue  only  by  means  pf  a  telegraph,  which  in  the  next  sen- 
tence is  declared  to  have  been  rendered  so  perfect,  that  by  means 
of  it  the  correspondence  could  be  carried  on  '<  by  night  as  w^l} 
as  by  d^y,  though  as  dark  as  pitch  is  black.'' 

Dr.  Uooke,  whose  genius  as  a  mechanipal  inventor  was  per? 
haps  never  surpassed,  delivered  a  **  Discoiu^  to  the  Royal 
Society,  May  21,  1684,  shewing  a  way  how  to  communicate 
one's  mind  at  great  distances."  In  this  discourse,  he  asserted  the 
possibility  of  conveying  intelligence  from  one  place  to  another 
at  the  distance  of  30,  4(),  100,  120,  &c.  miles,  "  in  as  short  a 
time  almost  as  a  man  can  write  what  he  would  haye  sent."  He 
takes  to  his  aid  the  then  recent  invention  of  the  telescope,  and 
explains  the  method  by  which  characters  exposed  at  one  station 
may  be  rendered  plain  and  distinguishable  at  the  others.  He 
directs,  *'  First,  for  the  stations  ;  if  they  be  far  distant,  it  wil| 
be  necessary  that  they  should  be  high,  and  lie  exposed  to  the 
sky ;  that  tliere  be  no  higher  hill,  or  part  of  tlie  earth  beyon^ 
them,  that  may  hinder  the  distinctness  of  the  characters  that 
are  to  appear  dark,  the  sky  beyond  them  appearing  white :  by 
which  means  also  the  thick  and  vaporous  au-  near  the  ground 
will  be  passed  over  and  avoided."  '^  Next,  the  height  of  2ie  sta- 
tionis  ifl^  advantageous,  upon  the  account  of  the  refractions  or 
infiections  of  the  air."  '<  Next,  in  choosing  of  these  stations, 
care  must  be  taken,  as  near  as  may  be,  that  there  be  no  hill  tha( 
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interposes  between  diem^  that  is  almost  high  enough  to  touch 
the  visible  ray ;  because  in  such  cases  the  refraction  of  the  air 
of  that  hill  will  be  very  apt  to  disturb  die  clear  appearance  of 
die  object"  ^  The  next  tiung  to  be  considered  is,  what  tele- 
scopes will  be  necessary  for  such  stations.''  ^*  One  of  these  te- 
lescopes must  be  fixed  at  each  extreme  statioui  and  two  of  them 
in  each  intermediate ;  so  that  a  man  for  each  glass,  sitting  and 
looking  through  them,  may  plainly  discover  what  is  done  m  the 
^Ilext  Mijoining  station,  and  with  his  pen  write  down  on  paper 
the  characters  theie  exposed  in  their  due  order;  so  that  there 
ought  to  be  two  persons  at  each  extreme  station,  and  three  at 
each  intennediate ;  so  that,  at  the  same  time,  intelligence  may 
be  conveyed  fonn'ards  and  backwards."  '^  Next,  there  mast  be 
certain  times  agreed  on,  when  the  correspondents  are  to  ex- 
pect ;  or  else  were  must  be  set  at  the  top  of  the  pole,  in  the 
morning,  the  hour  appointed  by  either  of  the  correspondents 
for  acting  that  day  :  if  the  hour  be  appointed,  pendulum  clocks 
may  adjust  the  moment  of  expectation  and  obsendi^/'  **  Next, 
there  must  be  a  convenient  apparatus  of  characters,  whereby 
to  communicate  any  thmg  with  great  ease,  distinctness,  and  se- 
crecy. And  those  must  be  either  day  characters  or  night  cha- 
ractersi''  The  day  characters  ''  may  all  be  made  of  Uiree  slit 
deds :"  the  night  characters  *'  may  be  made  with  links,  or  odier 
lights,  disposed  in  a  certain  order.''  The  doctor  invented  24 
simple  charscters,  each  constituted  of  right  lines,  for  the  letters 
of  Uie  alphabet;  and  several  single  characters,  made  up  of 
semicircles,  for  whole  sentences.  He  recommended  that  three 
very  long  masts  or  poles  should  be  placed  vertically,  and  joined 
at  top  by  one  strong  horizontal  beam;  that  a  large  screen 
should  be  placed  at  one  of  the  upper  comers  of  this  frame,  be- 
hind which  all  the  deal-board  characters  should  hang,  and  by  the 
help  of  proper  cords  should  quickly  be  drawn  forwards  to  be 
exposed,  and  then  drawn  back  again  behind  the  screen.  ^  By 
these  means,"  says  the  doctor,  *^  all  things  may  be  made  so  con- 
venient that  the  same  character  may  be  seen  at  Paris,  within  a 
minute  after  it  hath  been  exposed  at  London,  and  the  like  in 

Eroportion  for  greater  distances;  and  that  the  characters  may 
e  exposed  so  quick  after  one  another,  that  a  composer  sliall  not 
itrach  exceed  the  exposer  iu  swiftness."  Among  the  uses  of 
this  contrivance,  the  inventor  specifies  these :  **  The  first  b  for 
cities  or  towns  besieged ;  and  the  second  for  ships  upon  the 
sea  ;  in  both  which  cases  it  may  be  practised  with  great  cer- 
tainty, security,  and  expedition."  The  whole  of  Dr.  Hooke's 
psper  was  published  in  Derham's  collection  of  his  Experiments 
ena  Observations ;  from  which  it  appears,  that  he  had  brou|^ht 
the  telq;raph  to  a  state  of  far  greater  maturity  and  perfection 
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Ihaa  M.  AmontonJi  Mrbo  attenpted  the  same  tbtog  about  Ae 
year  1702;  and  indeed  to  astate little  inferior  to  several  which 
have  been  proposed  durioc  the  last  twenty  ytars. 

It  was  Boty  however,  tiU  the  French  rerduUon  that  the  tele- 
graph was  applied  to  useful  purposes.  Whether  M.  Chappe, 
who  is  said  to  have  invented  the  telegni|di  first  used  by  the 
French  about  die  end  of  1795,  knew  any  thing  of  Hookies  or 
fyf  Amonton's  inventbn,  it  is  impoaaUe  to  say;  but  his  tde« 
graph  was  constructed  on  principles  nearly  simUar.  The  niaiH 
ner  of  using  this  tel^raph  was  as  follows :  at  the  first  station, 
which  was  on  the  roof  of  the  palace  of  the  Louvre  at  Paris,  M* 
Chappe,  the  inventor,  receiv^  in  writing,  from  the  committee 
of  public  welfare,  the  words  to  be  sent  to  lisle,  near  which 
the  French  army  at  that  time  was.  An  upright  post  was  erected 
on  the  Louvre,  at  the  top  of  which  were  two  transverse  arms, 
moveable  in  all  directions  by  a  single  piece  of  mechanism,  and 
with  inconceivable  rapidity.  He  invented  a  number  of  positions 
for  these  armis,  which  stood  as  signs  for  the  letters  of  the  al^ 
phabet ;  and  these,  for  the  greater  celerity  and  simidicity,  he 
reduced  in  number  as  much  as  possible.  The  grammarian  will 
easily  conceive  that  sixteen  signs  may  amply  supply  all  the 
letters  of  the  al|>habet,  since  some  letters  may  be  omitted,  not 
only  without  detriment,  but  with  advantage.  These  sins,  as 
they  were  arbitrary,  could  be  changed  every  week ;  so  tmat  the 
ngn  of  B  for  one  day  might  be  the  sign  of  M  die  next ;  and  it 
was  only  necessary  tliat  &e  |)ersons  at  the  extremities  should 
know  the  key.  The  intermediate  operators  were  only  instructed 
generally  in  these  sixteen  signals ;  which  were  so  distinct,  so 
marked,  so  different  the  one  from  die  other,  that  diey  were 
easily  remembered.  The  construction  of  the  machine  was  such, 
that  each  signal  was  uniformly  given  in  precisely  the  same  man- 
ner at  all  times :  it  did  not  depend  on  the  operator's  manual 
skill ;  and  the  position  of  the  arm  could  never,  for  any  one 
signal,  be  a  degree  higher  or  a  degree  lower,  its  movement  bdng 
regulated  mechanicauy. 

M.  Chappe  having  received  at  die  Louvre  the  sentence  to  be 
Conveyed,  gave  a  known  signal  to  the  second  station,  which  was 
Mont  Martre,  to  prepare.  At  each  station  there  was  a  watch- 
tower,  where  telescopes  vrere  fixed,  and  the  person  on  watch 
gave  the  ngnal  of  preparation  which  he  had  received,  and  this 
communicated  successively  through  all  the  line,  which  brought 
them  all  into  a  state  of  readiness.  The  person  at  Mont  Martre 
then  received,  letter  by  letter,  the  sentence  jfrom  the  Louvre, 
which  he  repeated  widb  lus  own  machine;  and  this  was  again 
repeated  from  the  next  height,  widi  inconceivable  rapidity,  t«> 
the  final  station  at  Lisle. 
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The  first  descriptioa  of  the  tekgra(rfi  wis  brougblfrom  Paris 
to  Frankfort  on  tne  Maine  by  a  former  member  of  die  parlift- 
ment  of  Bourdeaux,  who  had  seen  that  which  was  erected  on  the 
mountun  of  Belville.  As  siven  by  Dr.  Huttonfrom  some  of  the 
English  papers,  it  is  as  follows,  aa  is  a  beam  or  mast  of  wood 
placed  upright  on  a  rising  ground  ^fig.  1.  {>L  XXXUI.X  which 
IS  about  fifteen  or  sixteen  feet  hipn.  db  is  a  beam  or  balance 
moving  upon  the  centre  aa.  Thu  balance-beam  may  be  placed 
▼ertically  or  horizontally,  or  any  how  inclined,  by  means  of 
strong  cords,  which  are  fixed  to  the  wheel  n,  on  the  edge  of 
which  is  a  double  groove  to  recdve  die  two  cords.  This  bar 
lance  is  about  eleven  or  twelve  feet  long,  and  nine  inches  broad, 
having  at  the  ends  two  pieces  of  wood  cc,  which  likewise  torn 
upon  angles  by  means  of  four  other  cords  that  pass  through  the 
axis  of  the  main  balance,  otherwise  the  balance  would  derange 
the  cords ;  the  pieces  c  are  each  about  three  feet  long,  and  nay 
be  placed  either  to  die  right  or  left,  straight  or  sauare,  with 
the  balance-beam.  By  means  of  these  three  die  combination  o^ 
movement  is  very  extensive,  remarkably  simple,  and  easy  to 
perform.  Belpw  is  a  small  wooden  gouge  or  hut,  in  which 
a  person  is  employed  to  observe  the  movements  of  the  nia- 
chine.  In  the  mountain  nearest  to  this,  anodier  person  is  to 
repeat  these  movements^  and  a  tliird  to  write  them  aown*  The 
time  taken  up  for  each  movement  is  twenty  seconds ;  of  whidi 
the  motion  alone  is  four  seconds,  the  other  16  the  machine  is 
stationary.  Two  working  models  of  this  instrument  were  exe- 
cuted at  Frankfort,  and  sent  by  Mr.  W.  PlayEair  to  the  duke  of  ^ 
York :  and  hence  the  plan  and  afphabet  of  the  machine  came 
to  England. 

Various  experiments  were  in  consequence  tried  upon  tele- 
graphs in  this  country ;  and  one  was  soon  after  set  up  by  go- 
vernment in  a  chain>of  stations  from  the  admiralty-office  to  the 
sea-coast.  It  consists  of  six  octagon  boards,  each  of  which  is 
pojsed  ujpon  an  axis  in  a  frame,  in  such  a  manner  that  it  can  be 
either  placed  vertically,  so  as  to  appear  with  its  full  size  to  the 
observer  at  the  nearest  station,  as  in  fig.  2.  or  it  becomes  invi^ 
aible  to  him  by  being  placed  horizontally,  as  in  fig.  3.  so  that 
the  narrow  edge  alone  is  exposed,  which  narrow  edge  is  from 
a  distance  invisible.  Fig.  2.  is. a  representation  of  this  tele- 
graph, with  the  parts  all  shut,  and  the  machine  ready  to  work. 
T,  in  the  officer's  cabin,  is  the  telescope  pomted  to  the  next  sta- 
tion. Fig.  3.  is  a  representation  of  the  machine  not  at  work, 
and  with  the  ports  all  open.  The  opening  of  the  first  port  (fig. 
<2.)  expresses  a,  the  second  b,  the  third  c,  the  fourth  d,  the  filth 
e,  and  the  sixth y^  &c. 

Six  boards  make  36  changes,  by  the  most  plain  and  simple 
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mode  of  working ;  and  they  ^iU  make  many  more  if  more  were 
necessary;  but  as  the  real  superiority  of  the  telegraph  over  aH 
other  modes  of  making  signals  consists  in  its  makmg  letters,  we 
do  not  think  that  more  changes  than  the  letters  of  the  alphabet, 
and  die  ten  arithmetical  cyphers,  are  necessary;  but,  on  tbecoa^ 
trary,  that  those  who  work  the  telegraphs  should  avoid  commu- 
nicating by  words  or  signs  agreed  upon  to  express  sentences  ; 
for  that  b  the  sure  roet^d  never  to  become  expert  at  sending 
unexpected  intelligence  accurately. 

Several  other  telegraphs  have  been  proposed  to  remedy  the 
defects  to  which  the  instrument  is  still  liable.  The  dial-plate  of 
a  clock  would  make  an  excellent  telegraph,  as  it  might  exhibit 
144  signs  so  as  to  be  visible  at  a  great  distance*  A  telegraph 
on  this  principle,  with  only  six  divisions  instead  of  twelve,  would 
be  simple  and  cheap,  and  might  be  raised  20  or  30  feet  high 
above  die  building  without  any  difficulty :  it  might  be  supported 
on  one  post,  and  therefore  turn  round,  and  the  contrast  of  co- 
lours would  always  be  the  same. 

A  very  ingenious  improvement  of  the  telegraph  has  been 
proposed  in  me  Gentl^nan's  Magazine.  It  consists  of  a  semi- 
circle, to  be  properly  elevated,  and  fi^ed  perpeiidiculariy  on  a 
strong  stand.  The  radius  12  feet ;  the  semicircle  consequendy 
somewhat  more  than  36.  This  is  to  be  divided  into  24  parts. 
Each  of  these  will  therefore  comprise  a  space  of  18  inches,  and 
an  arch  of  T  3C/  on  die  circumference.  These  24  divittons  to 
be  occupied  by  as  many  circular  apertures  of  six  inches  dia- 
meter;  which  will  leave  a  clear  space  of  six  inches  oueach  side 
between  the  apertures.  These  apertures,  beginning  from  the 
left,  to  denote  the  letters  of  the  alphabet,  omitting  k,  j  con- 
sonant, V,  X,  and  q,  as  useless  for  this  purpose.  There  are 
then  21  letters.  The  four  other  spaces  are  reserved  for  signals. 
The  instrument  to  have  an  index  moveable  by  a  windlass  on  the 
centre  of  the  semicircle,  and  having  two  tops,  according  as  ii 
is  to  be  used  in  the  day  or  night ;  one,  a  circular  top  of  lac- 
quered iron  or  copper,  of  equal  diameter  with  the  apertures 
<[and  which  consequendy  will  eclipse  any  of  them  against  which 
it  rests);  the  other,  a  spear  or  arrow-shaped  top,  black,  and 
highly  polished,  which  in  standing  before  any  of  the  apertures 
in  the  day-time  will  be  disUncdy  visible.  In  the  night,  the 
apertures  to  be  reduced  by  a  diaphrs^m  sitting  close  to  each,  so 
as  to  leave  an  aperture  of  not  more  than  two  inches  diameter. 
The  diaphragm  to  be  of  well-poiished  tin ;  die  inner  rim  lac- 
quered black  half  an  inch.  All  the  apertures  to  be  illuminated, 
when  the  instrument  is  used  in  the  night-time,  by  small  lamps ; 
to  which,  if  necessary,  according  to  circumstances,  convex 
lenses  may  be  added,  fitted  into  each  diaphragm,  by  whidi  the 
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iigilt  miEtfjr  be  powerfully  concen^ted  add  incredsedi  Over  each 
aperture  one  of  the  five  prismatic  colours  least  likely  to  be  mi«-^ 
taken  (the  remaining  two  being  Jess  distinguishable,  and  not 
^  vranted,  are  best  omitted)  to  be  painted ;  ami,  in  their  natural 
order,  on  a -width  of  eighteeii  inched  and  a  depth  of  four,  red, 
orange,  yellow,  green,  blue;  or,  still  td  height^  the  contrast^ 
and  render  immediately  successive  apertures  more  distinguisb-> 
able,  red,  green„  orange^  blue,  yf Uow.  [The  whole  inner  circle 
beneath  and  betWeen  th^  apertut^s  to  be  painted  black. 

When  th^  instrument  is  to  be  used,  the  index  to  be  set  to  the 
signal  apqrtured  on  the  rignt  All  the  apertures  to  be  covered 
or  dark  when  it  begins  to  be  lised,  except  that  which  is  to  give 
the  signal.  A  signal  gun  to  oe  firea  to  Upprise  the  observer.  If 
the  index  is  set  to  the  first  apeiture,  it  will  denote  that  words 
lire  to  be  expressed ;  if  to  tne  second,  that  figures ;  if  to  the 
third^  that  the  figures  cease ;  and  thdt  the  intelligence  b  carried 
bn  in  words.  When  figures  are  to  be  expressed,  the  alternate 
l^pertures  from  the  left  are  taken  in  their  order,  to  denote  from 
i  to  10  inclusively;  the  second  from  the  right  denotes  100;  the 
iifth  lOOd.  This  brdbr,  and  these  interval,  are  taken  to  pre- 
vent any  cbnfusion  id  so  peculiarly  important  an  article  of  the 
intelligence  to  be  conveyed. 

Peihaps,  hbwever,  few  of  die  telegraphs  hitherto  oflfered  to 
the  pufbhc  exceed  the  following,  ^tfaer  in  simplicity,  cheapness) 
Or  facility  in  working ;  and  it  might,  perhaps,  with  a  few  trifling 
additions,  be  made  exceedingly  distincti  It  is  thus  described  in 
the  Repertdhf  of  Arts  and  Manufactures:  for  a  nocturnal 
tdegraph,  let  there  be  four  large  patent  reflectors,  lying  on  the 
same  plane^  parallel  to  the  horiaon,  placed  on  the  top  of  an  ob* 
servittory.  Let  each  of  these  reflectors  be  capable,  by  means 
of  two  winches,  either  of  elevation  or  depression  to  a  certain 
degree.  By  elevattag  or  depressing  one  or  two  of  the  reflectors^ ' 
eighteen  very. distinct  arrangements  opay  be  produced^  as  the 
ifollowing  scheme  will  explain. 


Voi.  II,  G  o 
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For  the  sake  of  example,  the  above  arrangements  are  made 
fo  answer  to  the  most  necessary  lettera  of  the  alphabet ;  but  al- 
terations may  be  made  at  wUi,  and  a  greater  number  of  changes 
produced,  wuhout  any  addition  to  the  reflectors.  In  the  first 
observatory  there  need  only  be  a  set  of  single  reflectors;  but 
in  the  others  each  reflector  t^ould  be  double^  so  as  to  face 
both  the  preceding  and  subsequent  observatory ;  and  each  ob- 
servatory should  be  iiimished  with  two  telescopes.  The  proper 
diiameter  of /the  reflectors,  and  their  distance  from  each  other, 
vrill  be  ascertained  by  esperience ;  and  it  most  be  observed,  that 
each  reflector^  after  every  anrangement^  must  be  restored  to  its 
place. 

To  convert  this  machine  into  a  diurnal  telegraph,  nothing 
more  is  necessary  than  to  insert,  in  the  place  of  the  reflectors, 
gilt  balls,  or  any  other  conspicuous  bodies. 

Since  these  inventions  were  made  public,  telegraphs  have 
been  brought  to  so  great  a  degree  of  perfection,  that  they  now 
convey  information  speedily  and  distinctly,  and  are  so  much 
simplified,  that  they  can  be  constructed  and  maintained  at  little 
expense.  The  advantages  too  which  result  from  their  use  are 
almost  inconceivable.  Not  to  speak  of  the  speed  with  which 
information  is  communicated  and  orders  given  in  time  of  war, 
by  means  of  them,  the  whole  kingdom  could  be  prepared  in  an 
instant  to  oppose  an  invading  enemy.    A  telq;raph  vaig^  be 
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«lsO  wftA  hf  cothineituil  men'  to  'coorey  a  cominbsioii  draper 
and  tpeedier  than  ao  ezprm  can  travel.  An  eatabKshment  of 
telegraphs  might  be  made  like  that  of  the  pott;  and  instead  of 
fceing  an  expense,  it  would  produce  a  rerenoe.  Something  of 
this  kind  was  about  ten  years  ago  set  up  to  facilitate  the  inter- 
course between  Norwich  and  Yarmouth. 

THERMOMETER^an  instrument  for  ascertoining  the  tem- 
perature^ that  is,  for  measuring  the  degree  of  heat  or  cold  in  any 
body.  The  thermometer  war  invented  about  die  begiming  of 
the  15th  century;  but,  like  many  other  useful  invenUons^it  baa 
l>een  found  impossible  to  ascertain  to  whom  the  honour  of  it 
belongs. 

The  first  form  of  this  instrument  for  measuring  the  degrees 
of  heat  and  cold  was  the  air*thermometer.  It  is  a  well-known 
fact  that  air  expands  with  heat  so  as  to  occupy  more  space 
than  it  does  when  cold,  and  that  it  is  condensed  by  cold  so  as  to 
occupy  less  space  than  when  warmed,  and  that  this  expansion 
and  condensation  is  greater  or  lest  according  to  the  degree 
of  heat  or  cold  applied.  The  principle  thra  on  which  the 
air*tbermometer  was  constructed  is  very  simple.  The  air  waa 
confined  in  a  tuW  by  means  of  some  coloured  liquor;  the 
iiqtidr  rose  or  ffll  according  as  the  air  became  expanded  or  con- 
densed. 

This  instrument  was  extremely  defective :  for  the  air  in  the 
tttbe  was  not  only  affected  by  the  heat  and  cold  of  the  atmo^ 
aphere,  but  abo  by  its  wdght. 

The  air  being  found  improper  for  measuring  with  accuracy 
the  variations  of  heat  and  cold  according  to  the  form  of  the 
thermometer  which  was  first  adopted,  another  fluid  was  pro« 
posed  about  the  middle  of  the  I7th  cenUiry  by  the  Florentine 
academy.  This  fluid  was  spirit  of  wine,  or  alcohol,  as  it  is 
DOW  generally  named.  The  alcohol  being  coloured,  was  in- 
closed in  a  very  fine  cylindrical  glass  tube  previously  exhausted 
of  its  air,  having  a  hollow  ball  at  the  lower  end,  and  hermeti"* 
can;^  sealed  at  the  other  end.  The  ball  and  tube  are  filled  with 
recnfied  spirit  of  wine  to  a  convenient  height,  when  the  wea- 
ther is  of  a  mean  temperature,  which  may  be  <|one  by  inverting 
the  tube  into  a  vessel  of  stagnant  coloiued  spirit,  under  a  re** 
eeiver  of  the  air-pump,  or  in  any  other  way.  When  the  ther- 
mometer is  properly  filled,  the  upper  end  is  heated  red-hot  by  n 
lamp,  and  then:  hermetically  sealed,  leaving  the  included  ai^  of 
about  4-  of  its  natural  density,  to  prevent  the  ak  which  is  in  the 
apirit  frbm  dividing  it  in  its  exmmsipn.  To  the  tube  is  applied 
a  scale,  divided  from  the  middle  into  100  equal  parts,  upwards 
add  dorwn  wards. 

M  spirit  of  wine  is  capable  of  a  very  considerable  degree  of 
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rarefactbn  and  condcnsatioD  by  heat  and  cold,  when  tfie  keilt 
of  the  atmosphere  increases  the  sphttdilateSy  and  conse^ttedtly 
rises  ht  the  tube;  and  when  the  heat  decreases  the  spirit  d^ 
scends,  and  the  degree  or  quantity  of  the  motion  is  8h<ywn  by  a 
scale. 

The  spirit  of  Mine  thermometer  was  not  subject  to  some  of 
the  inconveniences  which  attended  the  air-thermometer.  In 
particular^  it  was  not  affected  by  variatiotts  in  the  We^fat  cXT 
the  atmosphere:  accordingly  it  soon  canse  into  general  use 
among  philosophers.  It  was,  at  ao  early  period,  introduced 
into  Britain  by  Mr.  Boyle.  To  this  instrument,  as  then  naec^ 
there  are,  however,  many  objections.  The  liquor  was  of  ififr 
fierent  degrees  of  strength ;  and  therefore  dimrent  tubes  filled 
.with  it,  ^en  exposed  to  the  same  degree  of  heat,  would  not 
correspond.  There  was  also  another  defect ;  the  scale  which 
was  adjusted  to  die  tbermom^er  did  not  commence  at  any  fixed 
point.  The  hi^iest  term  was  adjusted  to  the  great  aun-sfaine 
heats  of  Florence,  which  are  too  variable  and  undetermined ; 
and  fi^uently  the  workman  formed  the  scale  according  to  his 
own  fancy.  While  the  thermometer  laboured  under  such  dia> 
advantages  it  could  not  be  of  goieral  use. 

To  obtain  some  fixed  unalterable  point  by  which  a  defter* 
mined  scale  might  be  discovered,  to  which  all  thermometers 
might  be  accurately  adjusted,  was  the  subject  which  next  drew 
ike  attention  of  philosophers.  Mr.  Boyle,  who  seems  at  an 
early  period  to  have  studied  this  subject  with  much  anxiety,  pio> 
posed  the  freezing  of  the  essential  oil  of  aniseeds  as  a  conve- 
nient ppiat  for  graduating  thermometers;  but  this  opinion  be 
aoon  laid  ande.  Dr.  Halley  next  proposed  that  diermometers 
should  be  graduated  in  a  deep  pit  under  ground,  where  the 
temperature  both  in  winter  and  summer  is  prtftty  uniform ;  and 
that  the  point  to  which  the  spirit  of  wine  should  rise  in  such  a 
subterraneous  place  should  be  the  point  from  which  Ae  scale 
should  commence.  But  this  proposal  was  evidently  attended 
with  such  inconveniences  that  it  was  soon  abandoned.  He 
made  experiments  on  the  boiling  point  of  water,  of  mercnry^ 
and  of  spirit  of  wine;  acd  he  seems  rather  to  give  a  prafesence 
to  the  spirit  of  vrine.  He  objected  to  the  freezing  of  watca*  aa 
a  fixed  point,  because  he  thought  that  it  admitted  considermble 
latitude. 

It  seems  to  have  been  reserted  to  the  ceniusof  Newton  to 
determine  this  important  point,  on  v^hich  m  accuracy  and  va- 
lue of  the  thermometer  depends.  He  chosey  a^  fixed,  those 
points  at  which  waler  freezes  and  beil»;  the  very  i^nts  wliifli 
the  experiments  of  succeeding  philosophers  have  dttsiMiinad  to 
be  the  most  fixed  aad  oonrtfiient,    OmmiUm^t  Ibe  ^mdvaiH 
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tiget  of  spirit  of  ^ine^  be  tried  another  liquor  ykixM  was  ho- 
mogeneous enough^  capable  of  a  considerable  rarefaction^  aboot 
1 5  ttoies  greater  than  spirit  of  wine.  This  was  linseed  mI.  It 
Hts  not  been  observed  to  fi>eeze  even  in  very  gfeatcokb,  and  it 
bears  a  heat  about  four  limes  that  of  water  before  it  boils.  With 
these  advantiages  it  vras  nrade  use  of  bj  Ne%vtony  who  discovered 
by  it  the  comparative  decree  of  beat  for  boiling  water,  meking' 
wax,  boiling  spirit  of  iiioe,  and  melting  tin ;  beyond  w4iich  it 
does  not  apoe^r  that  this  thermometer  was  applied.  The  me- 
thod he  used  for  adjusting  the  scale  of  this  oi£*thermometer- was 
as  follows :  supposing  the  bulb,  when  immerged  in  thawing 
snow,  to  contain  10,000  parts,  he  found  the  oil  expand  by  the 
heat  of  the  human  body  so  as  to  take  up  tr  A  more  space,'or 
10,256 such  parts;  and  by  the  heat  of  water  boiling  strongly 
10,725 ;  and  by  the  heat  of  melting  tin  1 1,5 16.  So  tbttt  reckon* 
ma  the  freezing  point  as  a  conuaon  limit  between  heat  and 
cold,  he  began  his  scale  there,  marking  it  0,  and  the  heat  of 
the  human  body  he  made  12^;  and  consequently,  the  degrees 
the  heat  being  proportional  to  <the  degrees  of  rarefaction,  or 
256  :  n^i :  J2  :  34,  this  number  34>  will  express  the  heat  of 
boiling  water;  and  by  the  same  rule»  12  that  of  melting  tiiu 
This  thermometer  was  constructed  in  1701. 

To  the  application  of  common  oil  as  a  measureof  heat  and  cold- 
there  are  strong  objections.  It  is  so  viscid,  that  it  adheres  too 
strongly  to  the  sides  of  the  tube.  On  this  account  it  ascends  and 
descends  too  slowly  in  case  of  a  sudden  heat  or  oold.  In  a  sud- 
i|ien  cold,  so  great  a  proportion  remains  adhering  to  the  sides  of 
the  tube  after  the  rest  has  subsided,  that  the  surface  appears 
lecwer  than  the  cQrrespondii^  temperature  of  the  Mr  requires. 
An  oil^-tbermometer  is  therefore  not  a  prc^i^er  measure  of  heat 
and  cold.  i 

All  the  thermonueters  hitherto  proposed  were  liable  to.  many 
inconveniences,  and  could  not  be  considered  as  exact  standardar 
for  JKimting  out  the  various  degrees  of  temperature,  I'his  led 
Reaumur  to  attempt  a  new  one,  an  account  of  which  wa» 
published  in  the  year  1730,  in  the  Memoirs  of  the  Academy  of 
Sciences.  This  thermometer  was  mjuJe  with  spirit  of  ^ine« 
He  took  a  large  ball  and  tube,  the  dimensions:  andoapacities  of 
which  were  known :  he  then  graduated  the  tube,  so  that  the 
space  from  one  division  to  another  might  contain,  1000th  part 
«f  the  liquor;  the  liquor  containing  1000  parts  whpo  it  stood 
at  the  freezing  point.  He  adjusted  tiie  diennom^C  to  thei 
ireenog  point  by  an  artificial  congelfttiot)  gf  water:  then  put« 
tHig  the  ball  of  bis  thermometer  and  part  of  the  tube  into  boil-r 
ing  water,  be  observed  whether  it  rose  BO  divisions:  if  it  ex-^ 
Ci^d«d  thesci  ha  changed  bis  RqQor>  aod  by  ftddiiig  WAtep 
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lowered  it^  tiB  upon  trii^)  it  ihould  just*  rife  80  ditiiiops ;  or  if 
the  liquor,  bemg  too  low,  fell  short  of  80  divisions,  he  rwed  it 
b^  adding  rectified  spirit  to  it.  The  liquor  thus  prepared  anited 
his  purpofle>.  and  served  for  making  a  thermom^r  of  aigr  aia^ 
whose  scale  would  agree  widi  his  standard. 

Thia  thermometer  was  far  from  being  perfect.  As  th^  bolba 
were  three  or  four  inches  in  diameter,  the  surrounding  ice 
would  be  melted  before  its  temperature  could  be  propagated  to 
the  whole  spirits  in  the  bulb,  and  cousequentlj  thie  freeaing 
point  would  be  marked  higher  than  it  should  be.  Dr.  Martine 
accordingly  Cound,  that  instead  of  comciding  with  the  S2A  d^ 
gree  pf  Fahreuheity  it  corre8ponde4  with  the  34thy  or  a  poiota 
qttle  above  it.  Reaui^ur  committed  a  mistake  also  retpecting 
the  boiling  point ;  for  he  thought  that  the  spirit  of  wine,  wbetlier 
weak^pr  strong,  when  immerg^  in  boiling  water,  received  llie 
same  ileffree  of  heat  with  the  boiling  water.  3ut  it  is  weH 
known  that  higUy*rectified  spirit  of  wine  cannot  be  heated 
much  beyond  the  n6th  degree  of  Fahrenheit,  while  bo3ing 
water  raises  the  quicksilver  S7  degrees  higher*  There  is  auf 
other  thermometer  that  goes  by  the  fiame  of  Reaumuf^Sf  indiidi 
shall  be  afterwards  described. 

At  length  a  different  fluid  was  proposed,  by  which  therBMK* 
meters  could  be  made  free  firom  n^ost  of  the  defecta  htthertp 
mentioned.  This  fluid  was  mercur}'^  and  seems  first  to  have 
,  occunred  to  Dr.  Halley  in  the  last  century ;  but  was  not  adopted 
by  him,  on  account  of  its  having  a  smaller  degree  of  expansibility 
than  the  other  fluids  used  at  that  time.  Boerhaave  says  that 
the  mercurial  ^thermometer  was  first  ponslructed  by  Olaus 
Boemer ;  but  the  honour  of  this  bvention  is  generaUy  given  to 
Fahrenheit  pf  Amsterdam,  who  presented  an  account  of  it  t* 
the  Royal  Society  of  London  in  1124. 

If  efcury  is  far  superior  to  alcohol  and  oil,  and  is  much  more 
managea^  than  air.  I.  As  far  as  the  experiments  already 
ihacle  can  determine,  it  ia  of  all  the  fluids  hitherto  employed  in 
the 'construction  oJP  thermometers  that  which  measures  most 
exactly  equal  dyOferences  of  heat  by  equal  differences  of  its  tmlk : 
its  dilatations,  are  in  fact  very  nearly  proportional  to  the  aug- 
mentatioBf  of  heat  applied  to  it.  '2.  Of  all  liquids  it  is  tbe 
most  easily  Jfreed  from  air.  3.  It  is  fitted  to  measure  high  de- 
gr^  of  beat  and  cold,  ^t  sustains  a  heat  of  600^  of  Fabrea- 
belt's  scale,  and  does  not  congeal  tillit  falls  39  or  40  degree^ 
below  0.  4.  It  is  the  most  sensible  oif'  any  fluid  to  heat  and  cold, 
even  air  not  excepted.  Count  Rumford  found  that  raercofy 
vras  heated  from  the  freezing  to  the  boiling  point  in  5S6eoondi^ 
while  water  took  two  minutes  Id  seconds,  and  comnum  air  la 
aiinutes  and  17. seconds.    5«  Mercury  is  a  homogeneous  fluids 
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and  every  portion  of  it  is  eqaally  dUated  or  coitfracted  by  equal 
variations  of  beat.  Any  one  theroiomtier  made  of  pure  mer- 
cury }$f  ceteris  p^^ribtis,  possessed  of  the  same  properties  widi 
every  other  thermometer  made  of  pure  mercury.  Its  pow^  of 
expansion  is  indeed  about  six  times  less  than  that  of  spirit  of 
wine,  but  it  is  great  enough  to  answer  most  of  the  purposes  for 
^vhich  a  thermometer  is  wanted. 

Tbe  fixed  points  which  are  now  universally  chosen  for  ad- 
justing thermometers  to  a  scale,  and  to  one  another,  are  the 
boiling  and  freezing  water  points.^  The  boiling  water  point,  it 
is  well  known,  is  not  an  invariable  point,  but  varies  some  degrees 
according  to  the  weight  and  tem|)erature  of  die  atmosphere. 
In  an  exhausted  receiver,  water  will  boil  with  a  heat  of  98^  or 
100°;  whereas  in  Papin's  digester  it  will  acquire  a  heat  of  412^. 
Hence  it  appears  that  water  will  boil  at  a  lower  point,  according 
to  its  height  in  the  atmosphere,  or  to  the  weight  of  tbe  column 
of  air  which  presses  upon  it.  In  order  to  ensMre  uniformity 
therefore  in  the  construction  of  thermometers,  it  is  now  agreed 
that  the  bulb  of  the  tube  be  plunged  in  the  water  wheti  it  boils 
violently,  the  barometer  standing  at  30  English  inches  (which 
is  its  mean  height  round  London),  and  the  temperature  of  the 
atmosphere  5^.  A  thermometer  made  in  this  way,  with  its 
boiling  point  at  212%  is  called  bv  Dr.  Horsley  Bird's  Fehren^ 
heitf  because  Mr.  Bird  wa»  the  first  periaon  who  attended  to  tbe 
state  of  the  barometer  in  constructing  thermometers. 

As  artists  may  be  often  obliged  to  adjust  thermometers  under 
very  diflferent  pressures  of  the  atmosphere,  philosophers  have 
been  at  pains  to  discover  a  general  rule  which  might  oe  applied 
on  all  occasions.  M.  de  Luc,  in  his  Reclierches  sur  Us  modf  4$ 
t Atmosphere^  has  giv^o,  from  a  series  of  experiments,  an  equa- 
tion for  the  allowance  on  account  of  this  difierence,  in  Paris 
measure,  which  has  been  verified  by  Sir  George  Shuckburgh  ; 
also  Dr.  Horsley,  Dr.  Maskclyne,  and  Sir  George  Shuckburgh, 
have  adapted  Uie  equation  and  rules  to  English  measure,  and 
have  reduced  the  allowances  into  tables  for  the  use  of  the  artist 
Dr.  Hor^ley'a  rule,  deduced  from  De  Luc's,  i^  this : 

I      '  99 


t 


!og..;s  -  92-804  =:  A. 


89|M)U00 

where  h  dcnolles  the  height  of  a  thermometer  plunged  in  boil- 
ing water,  above  the  pomt  of  melting  ice,  in  degrees  of  Bird's 
J?alirenheity  and  z  the  hei^t  of  the  barometer  in  lOtha  of  an 
inch.  From  this  rule  he  bias  computed  the  following  table  for 
finding  the  heights  to  which  a  good  Bird^s  Fahrenheit  wdll  rise 
when  plunged  in  boiling  water,  in  all  states  ef  the  barometer, 
from  27  to  31  Englisb  indies;  which  will  serve,  among  other 
uses,  to  direU  instmoient^makers  in  making  a  true  allowaiKe 
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for  tlie  cffbct  of  the  variatiofi  of  the  barometer,  if  they  ilMRiid 
he  obliged' to  fiiiish  a  tfaeh&oneter  at  a  time  M^ben  the  hmrotoMtt 
is  above  or  b^ow  SO  indies ;'  though  it  is  best  to  fix  die  boiKw 
point  wbep  the  (wEometer  is  at  that  fae^h^.    ^ 

Equatior^  of  the  Boiling  Point. 


Barometer, 

si-q 

30-5 

soq 

29'5 
290 
28-5 

28a 

21-5 
27-0 

EqnatioD. 

+  1-57 

+  0-79 

000 

-  0-80 

-  1-62 
-2-45 
-3-^1 
-4-16 

-  6-04 

Diffierence. 

0*78 
0-79 
0'80 
0"82 
0-83 
0-85 

b-86 

0^8 

The  nambers  in  the  first  column  of  this  table  express  height^ 
of  the  quicksilver  in  the  barometer  in  English  inches  and  deci- 
hial  p'aits :  the  spcpnd  column  shows  the  eouation  to  be  applit^^ 
hccording  to  ihe  sign  prefixed,  to  212*  oT  J^ird*s  Fahrenheif,  tb 
find  the  true  boiling  point  for  gve>y  such  st^tp'  of  the  barome- 
ter. Th6  boiling  point  for  all  in^riilediate  states  of  the  buro- 
itieter  may  be  had  witH  sufficient  accuracy ,  by  taking  propor- 
tional parts,  by  means  of  the  third  column  *  of  differcrices  of  th^ 
equation.  See  Phil.  Trans.  Ixiv.  art.  ^Q. ;  also  Dr.  Maskelyne's 
Paper,  vol.  Ixiv.  art.  20.  -  •  i       : 

oir  George  Shuckburgh  ajso  haf  given  the  foll9wing  general 
table  for  the  use  of  artiste  in  constructing  the  t}ierm6meter,boilj 
ficcording  to  his  own  observations  and  mose  of  M.  de  Luc 


Height  of  thefCorrect 
Bvometer. 


.oftbe 
iMiliii^  point 


26-0 
26-5 
270 
27-5 
28-0 
28-5 
290 
99-5 
30^ 

31*0 


-  7-09 
-6•l^ 
-5-27 

-  4'87 

-  3-4« 

-  2-59 

-  I-T2 
-0-85 

O'OO 
+  0-85 
-f  1-69 


Didfenence. 


•91 
•91 
'90 
'S9 
•89 
•87 
•87 
'S5 
•85 
•84 


Correct,  accord, 
to  M.  de  Luc. 


Difference. 


-  6  83 
r-  5-98 

-  5-04 

-  4*16 
-8-81 
-2-45 
^  1^2 
^  0-80 

+  6-79 
+  1*57 


•90 
•89 
*88 
•87 

•83 
•82 
•^ 
•79 
•78 
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nnie  RoyftI  Society,  folly  apprised  of  the  importaoce  of  ad- 
JiistiBg  tlie  fixed  points  of  thermometers,  appqintecl  a  committee 
<l>f  seven  gentlenieii  to  cot^sMer  of  fbe  best  method  for  this  puf- 
pose ;  aiid  their  report  is  published  in  tbe  Phil.  Thms.  vql.  Ixvii. 
part.  ii.  art.  37. 

They  observed,  that  though  the  boiKng  pdiitt'be  placed 
inuch  higher  on  s6me  of  the  diermoroeters  now  made  than  oq' 
b^ers,  yet  fhi^  does  not  produce  any  con^derable  error  in  the 
observations  of  the  weather,  at  least  in  this  oljmate;  for  -an 
•nror  of  1^9  in  the  position  of  the  boiKiig  point  will  make  an 
€itor  only  of  half  a' degree  in  the  position  of  92^,  and  of  not 
^ore  than  a  quarter  of  a  degree  ill  the  point  of  S2?,  It  is  only' 
in  nice  experiments,  or  in  trying  the  heat  of  hot  li<)uors,  that  thii 
error  in  the  boihng'poi^t  con  be  of  much  importiince. 

In  adjusting  tli^  freezing  as  well  as  the  boiling  point,  ihef 
quicksilver  in  the  tube  ought  to  be  kept  of  the  same  bleat  as  that 
in  the  balK  When  the  freezing  point  is  placed  at  a  considerable" 
distance  from  the  ball,  the  pounded  ice  should  be  piled  to  such' 
a  height  above  the  ball,  that  the  error  which  can  arise  from  the 
quicksilver  in  the  remaining  part  of  the  tube,  not  being  heated 
equally  with  that  in  the  ball,  shall  be  very  small,  or  the  observecf 
oint  must  be  corrected  on  bthat  account  according  to  the  fdl^ 
Ipwiug  table  j  -  . 


s 


Heat  of  the  Air. 

Correction. 

42' 

52 

62 

72 

82 

•00087 
•00174 
•00261 
•00348 
•00435 

The  correction  in  this  table  is  expressed  in  lOOOtb  parts  of  ^he 
distance  between  the  freezing  point  and  the  surface  of  the  ice :' 
e.  g.  if  the  freezing  point  stands  seven  inches  above  the  surface 
of  the  ice,  and  the  heat  of  the  room  is  62,  the  point  of  32"*  should 
be  placed  7  x  '00261,  or  '018  of  an  inch  lower  than  the  ob- 
served point.  A  diagonal  scale  will  facilitate  this  correction.  ' 
*  The  committee  observe,  that  in  trying  the  heat  of  liquors; 
care  should  be  taken  that  tlie  quicksilver  in  the  tube  of  the 
thermometer  be  heated  to  the  same  degree  as  that  in  the  ball ; 
dr  if  dris'emiiiot  be  done  conveniently,  tiit  observed  heat  should 
be  corredtiEfl  ba  Aat  account;  for  the  manner  of  doing  which, 
and  2(  taUc$'(:akillated  for  thi^  purpose,  we  must  refer  to  theii* 
eicelleut  report  in  Pllili  Trans,  vol.  Ixvil  part  ii.  art  S7* 
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With  regard  to  the  choice  of  tubes,  they  ought  to  be  exactly 
cyliodrical.  But  though  the  diameter  should  vary  a  liille^  it  10 
easy  to  manage  that  oiatter  in  the  manner  proposed  by  the 
Abb^  NoIIety  by  making  a  small  portion  of  the  quicksilver,  e.g. 
as  much  as  fills  up  an  inch  or  half  an  inch,  slide  backward  and 
forward  in  the  tube;  and  thus  to  find  the  proportions  of  all  iti 
inequalities  and  from  thence  to4idJi|st  the  divisions  to  a  scale  of 
the  most  perfect  equality.  The  capillary  tubes  are  preferable* 
to  others,  because  they  require  smaller  bulbSy  and  they  are  da» 
more  sensible,  and  less  brittle.  The  most  convenient  size  So$ 
Gommpii  experiments  has  the  internal  diameter  about  the  40di 
or  50th  c>f  an  incJi,  about  9  inches  long,  and  made  of  diin  glasOy 
that  the  rise  and  faU  of  the  mercury  may  be  better  seen. 

It  is  commonly  observed  of  them^ometers,  that  upon  equal 
augmeatatious  and  diminutions  of  heat  they  seldom  vary 
•qually,  tboiigh  they  are  filled  with  the  same  Uquor.  To  ac^ 
count  for  this  circumstance  it  should  be  recollected  that  the 
variation  of  a  thermometer  is  directly  as  the  capacity  of  the 
ball,  and  inversely  as  the  base  of  the  stem*  Thus,  if  there  be 
two  mercurial  thermoiMeters,  for  example,  and  we  call  the  capa-i 
eitics  of  the  balls  c  and  c,  and  the  bases  of  the  stems  b  and  b^ 
the  variations  will  be  as  c  to  €  directly,  and  as  n  to  ^  inversely, 

or  as  -  to  -^  .     Cottseqiienlly  the  variations  will  not  be  equal 

in  those  thermometers  unless  —  =  ---:  and  this  camot  be  the 

a  o 

case  unless  c  :  c  : :  b  :  6 ;  therefore,  to  rei^der  the  variations  in 
the  two  thermometers  equal,  the  capacities  of  their  balls  must 
be  to  each  other  as  the  base^  of  their  cylindrical  stems.  See, 
on  this  subject,  M.  Duraud*s  formula,  given  under  the  article 
Thermombtbr,  in  the  Pantologia. 

The  next  thing  to  be  considered,  is  of  what  number  of  de- 
grees or  divisions  the  scale  ought  to  consist,  and  from  what  point 
it  ought  to  commence.  As  the  number  of  the  divisions  of  the 
scale  is  an  arbitrary  matter,  the  scales  which  have  been  em-> 
ployed  differ  much  from  one  another  in  tliis  circumstance. 
Fahrenheit  has  made  180  degrees  between  the  freezing  and 
boiling  water  point.  Amontons  made  73,  and. Sir  Isaac  New- 
ton only  34.  There  is,  however,  one  general  maxim,  which 
ought  to  be  observed ;  That  such  an  arithmetical  number 
should  be  chosen  as  can  easily  be  dinded  and  subdivided,  and 
that  the  number  <jf  divisions  should  be  so  great  that  there  shall 
selcbm  be  occasioin  for  fractions.  The  nun^r  SO  chosen  by 
Reaumur  anawi^  extremely  well  in  this  res|p^t,  because  it  caa 
be  divided  by  sev^eral  figures  withput  kaving  a  remainder;  but 
it  is  top  sn^ail  a  number :  the  consequence  of  which  is,  that  the 
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degrees  are  f&ced  at  too  gieat  a  dbtance  from  one  aaotfaer,  asd 
fractkms  wmi  therefore  be  often  employed.     We  thiiik^  lliwa 
fore,  that  160  woald  hare  been  a  more  convenieBt  namWr* 
Pabrenheit's  mimber  180  is  large  eaough^  but  wben  divided-its 
quotient  sooo  becomes  an  odd  number.  ^ 

As  to  tbe  point  at  M^hich  the  scale  ought  to  comvienee, 
-vario^  iopinioBS  have  been  entertained.  If  we  knew  the  be*' 
ginning  or  lowest  degree  of  beat^  i|Il  philosophers  would  agree 
tbat  -the  lowest  p<Mat  of  the  thermometer  ought  to  be  fiied 
tbere;  but  we  kaoMT  neither  the  IowcbI  nor  the  highest  degrees 
of  heat ;  we  obsenre  only  the  intermediate  parts.  All  tbat  wei 
can  do,  then/ia  to  begia  it  at  some  iorariable  point,  to  which 
thermometers  made  in  diffiesent  places  may  easily  be  actjuslsd/ 
Xf  possible^  too,  it  ought  to  be  a  point  at  which  a  natural  welU- 
Inown  body  receives  some  remarkable  change  from  the  efieels 
of  heat  or  cokL  Fahrenheit  beffaa  his  acue  at  the  point  at 
which  snow  and  salt  congeal.  Kir  wan  propaseo  tbe  firetAng 
point  of  mercury.  Sir  Isaac  Newton,  Hales,  and  Reamnur, 
adopted  the  freezmg  point  of  water.  The  objection  to  Fahicn- 
heilfs  lowest  point  is,  that  it  commences  at  an  artificial  cold- 
never  known  in  nature^  and  to  which  we  cannot  refer  oar- 
feelings,  for  it  is  what  few  can  ever  experienee.  There  would 
be  several  {preat  advantages  gained,  we  allow,  by  adopting  the 
freezing  pomt  of  mercary.  It  is  the  lowest  degree  of  ccSd  to-, 
which  mercury  can  be  applied  as  a  measure;  and  it, would 
render  umieceHsary  the  use  of  the  signs  plus  and  minus,  and  the 
extension  of  the  scale  below  O.  But  we  object  to  it,  that  it  is 
not  a  point  wdl  known ;  for  few,  comparatively  speaking,  wli6 
use  thermometers,  can  have  an  opportunity  of  aeeii^  mercuiy 
congealed.  As  to  the  other  advantage  to  be  gained  by  adopting 
the  freezii^  point  of  mercury,  namely,  the  ab>Ktion  of  negative 
numbers,  we  do  not  think  it  would  counterbalance  the^advanlige* 
to  be  enjoyed  by  using  a  welUknoii^'n  points  Besides,  it  may 
be  asked.  Is  there  not  a  propriety  in  usmg  negative  nnmbera  to 
express  the  degree  of  cold,  which  is  a  nc^tive  thing  i  Heat  and ' 
cold  we  can  only  judge  of  by  our  feelings :  the  p<Hnt  then  at 
which  die  scale  sliould  commence  ought  to  be  a'  point  wbidi 
can  farm  to  us  a  standard  of  heat  and  eold ;  a  point  iamiliar  to  ^ 
us  from  bemg  one  of  tbe  most  rematkable  tbat  occurs  inaalnr^ 
and  therefore  a  point  to-whicb  we  can  wiib  most  deamess  and 
precision  refer  in  our  minda  om  all  -occasions.  This  is  Ibe 
frtesing  point  of  water  cfcosen  by  Sir  faaac  Newton,  tuducb  of 
all  tbe  general  changes  predated  in  nature  by  cold  is  tbe  mmt 
remarkable.  It,  or  rather,  dw  melting  point  af  ice,  whicb  ddea 
not  vary  with  change  of  atmoepherie  psfssure»  is  Aepefose  the 
most  convenient  point  for  the  thermom^rs  to  be  used  tn  tba 
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iMopaimte  and  frigid  zoaet,  or  wa  my  say  over*  ihe  globe,  <br 
»wa  in  the  hottest  couatnes  of  liie  (ornd  zone  maoy  of  the 
iiKMWtaitns  ai«  perpetudly  covered  widi  snow. 

Hn^iog  now  explained  the  principles  of  die  tfiermometer  as 
fully  as  appears  necessary  in  order  to  make  it  properly  under- 
atoody  we  will  here  subjoin  an  account  of  diose  thermometers 
yMch  are  at  present  in  most  general  use.  Tliese  are  Fafaren- 
ht\t%  De  risle'Sy  Reaumur's,  and  Celsius's.  Fahrenhett's 
is  used  in  Britain,  De  PIsle's  in  Russia,  Reaumur's  b  France, 
and  Celsius's  in  Sweden.  They  are  all  «iercurial  thenao* 
meters. 

Fahrenheit's  thermometer  consists  ot  a  slender  cylindrical 
tube  and  a  small  longitudinal  bulb.  To  the  side  of  the  tube 
is  annexed  a  scale  which  Fahrenheit  divided  into  600  paita, 
beginning  with .  that  of  the  severe  cold  which  he  had  obs^ved 
in  Iceland  in  1309,  or  that  produced  by  mrroundiag  the  bolb> 
of  the  themiometer  wkh  a  mixture  of  snow  or  beaten  toe 
^nd  sal  ammoniac  or  sea  salt.  This  be  apprehended  to  be  die 
greatest  degree  of  cold,  and  accordii^y  )ie  marked  it,  as  tbe 
b^q^ilining  of  his  scale,  with  0;  the  point  at  which  mercury  be- 
gins to  boil,  he  conceived  to  show  the  greatest  degree  of  benly 
and  Ibis  he  made  the  limit  of  his  scale.  Tbe  distance  between 
these. two  points  he  divided  into  600  equal  parts  or  degrees; ' 
and.  by  trials,  he  fonnd  that  the  mercury  stood  at  S2  of  th^  di^ 
'visbns ;  .ivhen  water  just  begins  to  ^ese,  or  snow  or  icejuat 
b^as  to  thaw;  it  ^'as  therefore  called  the  degree  of  the  frees- 
ii^, point.  When  the  tube  was  immersed  in  boifisg  water,  the* 
OMicury  rose  to  dl2,  which  therefore  is  tb6  boiling  pomt,  and 
is  just  180  degrees  above  the  former  or  freezing  point.  But  the 
present  mediod  of  making  the.  scale  of  fhese  thermometasy 
which  is  tbe  sort  in  most  common  use,  is  first  to  lounerge  the 
bi4bof  .the  themiometer  in  ice  or  snow  just  beginiiing  to  thaw, 
and  mark  die  place  wb^«  the  mercury  f  tands,  with  32;  then 
imniesge  it  in  boili^  water,  and  again  mark  the  place  where 
the  .mercury  stands  in  tbe  tube,  wi&  the  num.  212,  exceeding 
the  former  ^  180 ;  dividing  therefore  the  intermediate  space  into 
ISO. equal  parts,  will  give  the  scale  of  the  thermometer;  whidb 
nmraf terwards  be  continued  upwards  and  downwards  at  pleasufeu 
^Otber  thermometers  of  a  similar  coastniotion  have  beea 
accommodated  to  coibmon  use,  having  but  a  portion  of  the 
afaD0i^e.  scale.  They  have  been  made  of  a  small  size  and  po0i^ 
bJe  ibrm^  and  adapted  with  appendaffes  to  particular  purposes ; 
and  the  tube  with  ks  annexed  scale  has  often  been  enclosed  in. 
aapfber  thicker  glass  tube^  also,  hermetically  sealed,  to  preserve 
tbe  tbermometer  ^m  i^ry.  And  all  these  are  called  FaAreo^ 
h$i£^ilmrmomatn. 
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'  tn  Mis,  M.  De  VUlk  of  Fetersburgli  constructed  a  tiiercru* 
rial  tbermomeler  on  the  principles  of  Reaumui's  spirit  thenno- 
nieter.  In  his  thermometer,  the  whole  bulk  of  quicksiNer, 
M*hen  hnmerged  in  boifing  water,  is  conceived  to  be  divided  into 
100,000  parts  ;  and  from  this  one  fixed  point  the  various  de- 
grees of  heat,  either  above  or  below  it,  are  marked  in  these 
parts  on  the  tube  or  scale,  by  the  various^  expansion  or  contrac- 
tion of  the  quicksilver,  in  all  imaginable  varieties  of  heat.-*Dr. 
M artine  apprehends  it  wonid  have  been  better  if  De  VlAe  had 
made  the  integer  HK),000  partd,  or  fixed  point,  at  freezing  ws^ 
ter,  and  from  thence  computed  the  dilatations  or  condensationa 
of  'the  quicksilver  in  those  parts ;  as  all  the  common  observa- 
tions of  the  weather,  &c.  would  have  been  expressed  by  num^ 
bers  increasing  as  the  heat  increased,  instead  of  decreasing,  or 
counting  the  contrary  way.  However,  in  practice  if  will  not 
be  very  easy  to  determine  exactly  all  the  divisions  from  the'altenr- 
tion  of  the  bulk  of  the  contained  fluid.  And  besides,  as  glass 
itself  is  dilated  by  heat,  though  in  a  less  proportion  than  quick* 
silver,  it  is  only  the  excess  of  the  dilatation  of  the  contained 
fluid  above  that  of  the  glass  that  is  observed ;  and  therefore  if 
different  kinds  of  glass  be  differently  afibcted  by  a  given  degree 
of  heat,  this  will  make  a  seeming  difference  in  the  dilatations  df 
the  quicksilver  in  the  thermometers  constructed  in  the  New« 
tonian  method,  either  by  Reaumur's  rule  or  De  Tlsle's.  Accord- 
ingly it  has  been  found,  that  the  quicksilver  in  De  PIsle's 
thermometers  haa  stood  at  different  degrees  of  the  scale  when 
immerged  in  thawing  snow:  having  stood  in  some  at  l&^% 
while  in  others  it  has  been  at  166**  or  even  158^ 

The  thermometer  at  present  used  in  France  is  called  Reau^ 
mur^s ;  but  it  is  very  different  from  the  one  originally  invented 
by  ReaCimur  in  1730,  and  described  in  tl>e  Memoirs  of  the 
Academy  of  Sciences.  The  one  invented  by  Reaumur  w^t 
filled  widi  spirit  of  wine ;  and  though  its  scale  was  divided  by 
the  author  into  80  parts,  of  which  0  was  the  freezing  point,  and 
SO-the  boiling  water«point,  yet  in  fact  80  was  only  Uie  boitifig 

Slot  of  the  spirit  of  wine' that  he  employed,  which,  as  Dr. 
artine  computes,  corresponded  with  180  of  Fahrenheit.  Bui 
tbe  thermometer  now  in  use  in  FraiKe  is  filled  with  mercury; 
and  the  boiling  water  point,  which  is  at  80,  corresponds  wkh 
th£  Si2th  degree  of  Fahrenheit.  The  scale  indeed  commences 
at  the  fi^ezing  point,  as  the  old  one  did.  Tbe  new  thermo^ 
nieter  ought  more  properly  to!  be  csUed  De  Luffs  thenwmeter, 
for  it  was  first  itt»rie  by  De  Luo;  dad  is  in  fact  aa  diflerent 
from  Reaumur's  »  it  is  from  Sir  Isaac  Newton's*  When  De 
Lmc  had  fixed  the  scale,*and  finished  an  iceountof  k,  he  shewed 
the  manuscript  to  M«  De  hi  CondMunei  c  Condamiae  advised 
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Jum  to  change  the  number  80:  rema^kingy  diat  sueh  win'tbe 
.ioatteatioD  of  philosophers^  that  they  would  probably  confbimd 
it  with  Reamour's.  De  Luc's  raodesty^aswell  as  a  predilectioii 
/or  the  number  80,  founded,  aa  he  thought,  on  philosophical 
.reasons,  made  him  decline  following  this  advice.  But  he  found 
.by  experience  that  the  prediction  of  Condamine  was  too  well 
iounded. 

The  thermometer  of  Celsius,  which  is  used  in  Sweden,  has  a 
3cale  of  100  d^ees  from  the  freeanng  to  the  boiling  wat^ 
point.  This  is,  in  fact,  the  centigrade  thermometer. 
.  These  are  the  prbcipal  thermometers  now  used  in  Europe; 
.and  the  temperatures  indicated  by  stny  of  them  may  be  reduced 
iilto  the  corresponding  degrees  on  any  of  tfie  others  by  m«»ns 
.of  the  following  simple  theorems;  in  which  r  signifies  the  de- 
■grees  on  the  scale  of  Reaumur,  f  those  pf  Fahrenheit,  and  s 
.Uiose  of  the  Swedish  thermometer. 

1.  Toconvert the degreesof Reaumur iulotboseof Fahrenheit; 

2.  To  convert  the  degrees  of  Fahrenheitintothoseof  Reaumur; 
(r->3a)x4  _  ^ 

9  -^• 

'    3.  To  cbnvert  the  Swedish  degrees  mto  those  of  Fahrenheit; 

4.  To  convert  Fahrenheit's  into  Swedish  ;i-^^.5 zzsm 

^,  To  convert  Swedish  degrees  into  those  of  Reaumur; 

1  5 

6.  To  convert  Reaumur's  degrees  into  Swedish;— ^=s* 

To  such  readers  as  are  unacquainted  with  the  algebmic 
expression  of  arithmetical  formulas,  it  will  be  sufficient  to  ex-^ 
press  one  or  two  of  these  in  words  to  explain  their  use.*— I. 
Multiply  the  dc^ee  of  Reainnur  by  9,  divide  die  product  by  4, 
imd  to  the  quotient  add  32»  the  sum  expresses  tbe  degree  on  (he 
scale  of  Fidirenheit-^.  From  the  degree  of  Fahreriieit  si^ 
tract  38,  multiply  the  renuuader  by  4,  and  divide  ^  pi'odnct  bj 
9,  the  quotient  is  the  degree  accorchng  to  the  scide  of  Rcwiknnr^ 
&o« 

As  in  meteorologicd  obaervations  it  is  necessary  to  attend 
to  Ae  greatest  rise  and  £dl  of  the  thermometer,  attempts  have 
been  made  to  construct  a  thermometer  wliich  migbt  legister 
Ihe  greatest  degree  of  heat,  or  greatest  degree  of  coM^  wfaicb 
lookt>hice  during  the  abeeaee  of  the  observer. 
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In  IT82^  Mr.  Six  proposed  h  aelf*regtstering  thermoipeter. 
It  is  properly  a  «pirit^f-witt»  ihertnoraeter,  tfaoiigh  mercury  is 
4UsoeinployedfortiipporliiH|aR index.  a6(fig.l9ipi. XXXVII.) 
is  a  tbin  tube  of.  ffJata  1^  inches  lQiigtatMl>»16di8  of  an  inch 
caliber :  cde  nadfgh  are  smaUer  tttbesy  aboml  l-30tb  of  an  inch 
^liber.  Tbest  three  tubes  are  filled  widi  highly  recced  spirit 
<»f  wine,  except  the  space  between  d  and  gf  which  is  filled  with 
mercury.  As  the  spirit  of  wine  contracts  or  expands  in  the 
•middle  tube^  the  meivury  foils  or  rises  in  the  outside  tubes.  An 
index,  made  of  thin  wire  with  a  knob,  is  placed  on  the  surface, 
.within  each  of  these  tubes,  so  light  as  to  float  npon  it.  Ar  is  a 
-raiall  glass  tiibe  5-iths  of  an  inch  Jong,  herinetically  sealed  at 
jeacb  cndj^aiid  inclosing  a  piece  of  steel  wire  nearly  of  its.  own 
length.  At  each  end  /,  m,  of  this  small  tube,  a  short  tube  of 
black  glass  is  fixed,  of  such  a  diameter  as  to  pass  freely  up  and 
down  within  either  of  the  outside  tubes  of  the  thermometer  ce 
,or  fh.  From,  the  upper  end  of  the  index  is  drawn  a  spring  of 
^lass  to  the  fineness  of  a  hair,  sind  about  5-7ths  of  an  inch  long; 
winch  being  placed  a  little  oblique,  presses  lightly  against  the 
inner  surface  of  the  tube,  and  prevents  the  index  from  descend- 
ing when  the  mercury  descends.  These  indexes  being  inserted 
4me  inti>-each  other  of  the  outside  tubes,  it  is  easy  to  understand 
liow  they  point  out  the  greatest  heat  or  cold  that  has  happened 
in  the  observer's  absence.  When .  the  spirit  of  wine  in  the 
middle  tube  expands,  it  presses  down  the  mercury  in  the  tube 
hf\  and  consequently  raises  it  in  the  tube  ec;  consequently  ihe 
index  on  the  left  hand  tube  is  left  behind  and  marks  the  greatest 
cold,  and  the  index  in  the  right  hand  tube  rises  and  marka  the 
greatest  heat. 

Jn  1790  a  paper  was  presented  to  the  Royal  Society  of  Edin- 
burgh, describing  two  thermometers,  newly  invented,  by- Br. 
John  Rutherford  of  Middle  Balilish ;  the  one  for  registering  the 
highest  and  the  other  for  registering  the  lowest  degree  of  heat 
to  iwhich  the  thermometer  has  risen  or  fallen  during  the  absence 
of  the  observer.  An  account  of  them  may  be  found  in  the 
third  volume  of  the  Transactions  of  the  Bociety*     • 

.  A  new  self-registering  thermoneter  has  more  lately  been 
invented  by.  Mr.  Keith  of  Ravelstone,  which  we  consider  at  the 
most  ingenious,  simple,  and  perfect,  of  any  which  has  hitherto 
appeared.  Its  simplicity  is  sa  great,  that  it  requires  only  n  very 
abort  description  to  make  it  inteUigible.  It  is  constituted^  first, 
of  a  thin  glase  lube  about  #Mnrteen««ches  knig,  and3-4lhaof 
an  inch  odiber,  close  or  benneticaUy  sealed  at  top.  To  the 
lower  eodf  which  is  open,  there  is  joined  a  erottfctd  glasa  tube 
aaven  inches  long,  and  4-lOiis  of  an.  inch  caliber,  and  open  ai 
its  topi  which|  of  conrae,  is  level  with  the  micMIe  of  the  tin^ 
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tube.  The  former  tube  is  filled  with  the  ^tron^est  ipiril  of 
vme,  and  the  latter  tube  with  mercury.  This  is  properly  k 
spirit-of-wine  thermometer^  and  the  mercury  i%  used  mcmly  to 
support  a  piece  of  ivory  or  glass,  to  ^hich  is  affixed  a  wire  for 
raising  one  index  or  depre^ing  anotberj  according  as  the  mer^ 
cury  rises  or  falls.  There  is  a  small  conical  piece  of  itory  or 
glass,  of  such  a  weight  as  to  float  on  the  surface  of  die  mer^ 
cury.  To  the  float  is  joined  a  wire  called  tbejhat^tdre,  which 
reaches  upwards,  where  it  terminates  m  a  knee  bent  at  right  ao^ 
gles.  The  float-wire,  by  means  of  an  eye  at  its  extrenuty, 
moves  easily  along  a  small  vertical  harpsichord  wire.  There 
are  twfo  indexes  made  of  thin  blhck  oiled  silk,  which  slide  up* 
^inutls  or  downwards  with  a  force  not  more  than  two  graiosi. 
The  one  placed  above  the  knee  points  out  the  greatest  rise,  and 
the  one  placed  below  it  points  out  the  greatest  fiiU,  of  ^ 
thermometer. 

When  the  instrument  is  to  be  prepared  for  an  observation, 
both  indexes  are  to  be  brought  close  to  the  knee.  It  is  evident, 
that  when  the  mercury  rises,  the  float  and  float-wire,  which 
can  be  moved  with  the  smallest  force,  will  be  pushed  upwards 
till  the  mercury  becomes  stationary.  As  the  knee  of  the  floaty 
wire  moves  upwards  it  will  carry  along  with  it  the  upper  indezw 
When  the  mercury  again  subsides,  it  leaves  the  index  at  the 
highest  point  to  which  it  was  raised,  for  it  will  not  descend  by 
its  own  weight :  as  the  mercury  falls,  the  float-wire  does  ibe 
same^  i^  therefore  brmgs  along  widi  it  Ae  lower  index,  and 
continues  to  depress  it  till  it  again  becomes  stationary  or 
ascends  in  the  tube ;  in  which  case  it  leaves  the  lower  index 
behind  it  as  it  had  formerly  left  the  upper.  The  scale  to  winch 
the  indexes  poitit  is  fdaced  parallel  to  the  slender  harpticliord ' 
vrire.  That  the  scale  and  indexes  may  not  be  iigured  by  th^ 
veitid  and  rain,  a  cylindrical  glass  cover,  close  at  top,-  and  mads 
%o  as  exactly  to  fit,  is  placed  over  it     ^ 

The  ingenious  inventor  has  another  improvement,  ^^hach,  if 
upon  trial  it  be  found  to  answer,  w  ill  make  this  thermometer  as 
perfect  as  can  be  desired,  provided  there  d6  not  arise  some 
errors  from  the  variable  pressure  of  the  atmosphere.  He 
proposes  to  adapt  clock-work  to  this  thermometer,  in  sndi  a 
way  as  to  register  with  die  utmost  precision  the  degrees  of  heat 
and  cold  for  every  month,  day,  and  minute,  in  tte  year.  An 
account  of  this  latter,  improvement  inav  be  seen  in  Nichobon'a 
Jowmal,  vol.  iii.  4lo.  series,  or  Edin.  Transac.  voL  iv. 

The  common  contfivance  for  a  self-registering  Apermometer/ 
now  aeld  in  most  of  the  Loudon  shops,  consists  Amply  oftwo^ 
diemometers,  one  mercimd  and  the  other  of  akobol  (fig.  4* 
pi,  XXXL)  havmg  their  atcma  horizoolal:  the  f<mner  has  for 
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its  index  a  small  bit  of  magnedcal  steel  wire,  and  the  latter  a 
minute  thread  of  glass,  having  its  two  ends  formed  into  small 
knobs  by  fusion  in  the  flame  of  a  candle. 

The  magnetical  bit  of  wire  lies  in  the  vacant  space  of  the 
mercurial  thermometer,  and  is  pushed  forward  by  the  mercury 
"whenever  the  temperature  rises,  and  pushes  that  fluid  against  it : 
but  when  the  temperature  falls  and  the  fluid  retires,  this  index 
is  left  behind,  and  consequently  shews  the  maximum.  The 
other  index,  or  bit  of  glass,  lies  in  the  tube  of  the  spirit  thermo- 
meter immersed  in  the  alcohol,  and  when  the  spirit  retires  by 
depression  of  temperature,  the  index  is  carried  along  with  it  in 
apparent  contact  with  its  interior  surface  :  but  on  mcrease  of 
temperature  the  spirit  goes  forward  and  leaves  the  index,  which 
therefore  shews  the  minimum  of  temperature  since  it  was  set. 
An  these  indexes  merely  lie  in  the  tubes,  their  resistance  to 
motion  is  altogether  inconsiderable.  The  steel  index  is  brought 
to  the  mercury  by  applying  a  magnet  on  the  outside  of  the 
tube,  and  the  other  is  duly  placed  at  the  end  of  the  column  of 
alcohol  by  inclining  the  whole  instrument. 

Mr.  Nicholson  explains  the  operation  of  this  instrument  thus : 
"  When  the  surface  of  the  columo  of  spirit  is  viewed  by  a 
magnifier,  it  is  seen  to  have  the  form  of  a  concave  hemisphere, 
which  shews  that  the  liquid  is  attracted  by  the  glass.  The 
glass  in  that  place  is  consequently  attracted  in  the  opposite 
direction  by  a  force  equal  to  that  which  is  so  employed  in  main- 
taining that  concave  figure ;  and  if  it  were  at  liberty  to  move,  it 
would  be  drawn  back  till  the  flat  surface  was  restored.  Let  us 
suppose  a  small  stick  or  piece  of  glass  to  be  loose  within  the 
tube,  and  to  protrude  into  the  vacant  space  beyond  the  surface 
of  the  alcohol.  The  fluid  will  be  attracted  also  by  this  glass, 
and  form  a  concave  between  its  surface  and  that  of  the  bore  of 
the  tube.  But  the  small  interior  piece  being  quite  at  liberty  to 
move,  will  be  drawn  towards  the  spirit  so  long  as  the  attractive 
force  possesses  any  activity ;  that  is,  so  long  as  any  additional 
fluid  hangs  round  the  glass ;  or,  in  other  words,  until  the  end 
of  the  stick  of  glass  is  even  with  the  surface.  Whence  it  is 
seen  that  the  small  piece  of  glass  will  be  resisted,  in  any  action 
that  may  tend  to  protrude  it  beyond  the  surfiice  of  the  fluid ; 
and  if  this  resistance  be  greater  than  the  force  required  to  slide 
it  along  in  the  tube  (as  in  fact  it  is),  the  piece  mustbeslided 
alon^  as  the  alcohol  contracts ;  so  as  always  to  keep  the  piece 
within  the  fluid.  And  this  fact  is  accordingly  observed  to  take 
place."    (Nich.  Jour.  N.  S.  N*  47.) 

Mr.  Professor  Leslie,  well  known  for  his  ingenious  '^  Expe- 
rimental Enquiry  into  the  Nature  and  Propagation  of  Heat,** 
and  other  works  of  science,  has  invented  a  Difrnntial  TkermO" 
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meter  for  the  measurement  of  minute  variations  of  temperature. 
It  consists  of  two  tubes^  each  terminating  in  a  small  bulb  of  the 
3ame  dimensions,  joined  by  the  blow-pipe,  and  bent  in  the  form 
of  a  Uy  a  small  portion  of  dark  coloured  liquor  having  previously 
been  introduced  into  one  of  the  balls.  After  many  trials,  the 
fluid  best  adapted  to  the  purpose  was  found  to  be  a  solution 
of  carmine  in  concentrated  sulphuric  acid.  By  managing  the 
included  air  with  the  heat  of  tne  hand,  this  red  liquor  is  made 
to  stand  at  the  required  point  of  the  opposite  tube.  This 
k  the  zero  of  a  scale  fastened  to  that  tube,  and  divided  into 
equal  parts  above  and  below  that  point.  The  instrument  is 
then  fixed  on  a  stand.  It  is  manifest  that  when  the  liquor 
is  at  rest,  or  points  at  zero,  the  column  is  pressed  in  oppo- 
site directions  by  two  portions  of  air  equal  in  elasticity, 
and  containing  equal  quantities  of  caloric.  Whatever  heat, 
then,  may  be  applied  to  the  whole  instrument,  provided  both 
bulbs  receive  it  in  the  same  degree,  the  liquor  must  remain  at 
rest.  But  if  the  one  ball  receives  the  slightest  excess  of  tem- 
perature, the  air  which  it  contains  will  be  proportionally  ex- 
panded, and  will  push  the  liquid  against  the  air  in  the  other  bulb 
with  a  force,  varymg  as  the  difference  between  the  temperatures 
of  those  two  portions  of  air:  thus  the  equilibrium  will  be 
destroyed,  and  the  fluid  will  rise  in  the  opposite  tube.  Hie 
degrees  of  the  scale  through  which  it  passes  will  mark  the 
successive  augmentations  in  the  temperature  of  the  ball,  wliich 
is.exposed  to  the  greatest  heat.  So  that  this  instrument  is  a 
balance  of  extreme  delicacy  for  comparing  the  temperatures  of 
its  two  scales. 

It  is  a  small  variation  from  this  thermometer  that  constitutes 
Mr.  Leslie's  Photometer.  Those  who  wish  to  learn  more  of  the 
nature  of  this  latter  mentioned  instrument,  may  consult  Mr. 
Leslie's  Treatise  on  Heat,  Nicholson's  Journal,  vol.  iii.  4to.  or 
some  acute  remarks  in  the  Edinburgh  Review,  No.  13. 

When  thermometers  are  devised  to  measure  very  great  degrees 
of  heat,  they  are  usually  caUed  by  another  name.    SeePYKO- 

METER. 

The  thermometer  and  barometer  together  are  very  useful  in 
determining  the  altitudes  of  mountains,  &c.  according  to  the 
rules  delivered  in  our  first  volume,  book  v.  For  this  purpose 
they  are  fixed  in  such  a  frame  as  to  be  conveniently  porta- 
ble. (See  Barometer).  Other  portable  instruments  by  Mr. 
M'Guire  and  M.  Humbolt,  which  we  omitted  mentioning  in 
that  article,  are  describ'ed,  the  former  in  the  Transactions  of  the 
Royal  Irish  Academy  for  17  87,  the  latter  in  Journal  de  Physique, 
an  7,  or  TiUoch's  PhUosopj^cal  Magazine,  No.  15. 
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StqfpkmerU  to  the  article  Thermometer. 
Immediately  comiected  wkh  the  coostructioQ  and  improve- 
meiit  of  thermometers  are  M.  Biot's  "  Researches  into  the  btms 
of  the  dilatations  of  Uquids  at  all  temperatures  ;*'  of  whicb^ 
dierefore,  I  shall  present,  in  this  place^  a  translation  with  slight 
abridgment*. 

The  knowledge  of  the  laws  observed  in  the  dilatation  of  licjuids 
is  necessary  in  an  infinity  of  chemical  and  physical  enquiries. 
We  require  the  dilatations  of  water,  in  order  to  reduce  the 
specific  gravities  observed  in  that  liquid  to  comparable  terms. 
We  require  those  of  alcohol  to  determine  its  density  at  different 
temperatures,  or  to  observe  the  thermometers  in  which  that  sub* 
stance  is  employed.  Or,  if  we  would  attempt  theoretically  to 
compare  fclie  dilatability  of  different  liquids  respectively,  and 
to  connect  their  more  or  less  rapid  progress,  with  their  tend- 
ency more  or  less  near  to  ebullition  and  to  solidification,  we 
cannot  acconipllsb  it  generally,  or  obtain  any  precise  ideas 
on  this  point,  without  expressing  the  dilatations  by  formulas 
M^hich  shall  represent  them  at  all  temperatures,  and  at  the  same 
time  render  evident  the  particularities  of  each  of  the  liquids  it  is 
wished  to  examine. 

Such  is  the  o\)ject  M.  Biot  proposes  to  himself.  He  shows 
that  for  all  liquids  whose  dilatations  have  hitherto  been  observed, 
the  general  progress  of  each  respective  dilatation  may  he  repre- 
sented at  all  temperatures  by  an  expression  of  this  form : 

in  which  t  denotes  the  temperature  in  degrees  of  the  mercurial 
thermometer,  and  a, .6,  c,  constant  coeffici/^ts  which  depend  on 
the  nature  of  the  liquid.     He  here  supposes  that  ^  is  the  true 

dilatation  for  the  unit  of  volume  reckoned  from  the  temperature 
of  thawing  ice:  but  it  is  easy  to  conclude,  hence,  that  the 
apparent  dilatation  follows  similar  laws:  for,  representing  this 

latter  by  ^t  and  denoting  by  k  the  cixhit  dilatation  of  the  matter 
of  die  vessel  that  contains  the  observed  liquid  f,  we  have 

neglecting  here  the  square  of  the  co-efficient  r,  which  is  almost 

*  The  paper  that  contains  these  researches  was  read  to  the  Society  of 
Arcuei),  August  8th,  1813.  It  is  printed  in  France ;  btit  the  work  in 
which  it  is  to  appear  had  not  heen  published  in  March  1815.  I  have  to 
acknowledge  my  obligations  to  M.  Biot  y  (ox  transmitting  these  investi> 
gations  to  roe,  through  the  medium  of  M.  Hackelie,  (Professor  of  Ma- 
thematics in  the  Polytechnic  school,)  for  the  purpose  of  insertion  in  this 
work. 

t  M.  Biot  means  by  cubic  dilatation  the  triple  of  the  linear  dilatatjun. 
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always  allowable,  since  die  dilatadon  of  solid  bodies  is  extreonely 
small. 

Let  it  be  supposed  that  the  primitive  volume  of  the  liquid 
beinff  1  when  r=0*,  occupies  at  -^t  degrees  a  number  of 
divisions  x  in  the  vessel  whose  cubic  dilaUtion  is  K.  Tiw 
number  of  divisions  will  indicate  a  greater  capacity  than  when  / 
was  nothing.  It  will  answer  to  the  capacity  x  (I+k^+t^*^) 
limiting  the  expression  to  the  square  of  K ;  and  as  by  suppowtioa 
it  is  equal  to  1+lp  since  J^  is  the  true  ditaUtion  for  the  unit  of 
volume,  we  shall  have  the  equation 

x(l +K/+^K*0  =  1  +»^;  which  gives 

1  +  1^  |^-K<-}k«/« 


X=TT7TTTrrr  =  l  + 


The  first  term  of  this  expression  is  the  primitive  volume  at 
0*;  the  second  is  die  apparent  dilatation  A,:  we  have,  there- 
fore. 

The  term  affected  by  ^r^  is  absolutely  insensible  in  the  most 
exact  observations  on  the  dilatations  of  liquids  made  with  glasi 
vessek,  between  the  temperatures  of—  15*and  +  100*  (centi- 

grade).   N^lecting  it,  therefore,  we  have  nmply  ^i="j — -^j^  f  * 

value  which,  by  n^lecting  the  square  of  k  and  the  product  ef 
K  byJ^  reduces  to  A^=>^— k^,  as  we  have  assumed  above. 

Now,  to  establish  the  preceding  law,  and  determine  the  co- 
efficients a,  6,  c,  relatively  to  different  liquids,  M.  Biot  employed 
the  results  of  a  series  of  experiments,  made,  with  much  care, 
by  De  Luc*,  on  the  dilatation  of  nine  different  liquids  wish 
which  he  had  constructed  thermometers,  regulating  them  from 
the  temperatures  of  ineltmg  ice,  and  boiling  water;  markii^  (f 
at  die  first  pomt,  80^  at  the  second,  and  dividing  the  intcral 
into  80  equal  parts.  These  liquids  were,  1.  Mercury.  2.  Oil 
of  olives.  8.  Essential  oil  of  camomile.  4.  Essential  oil  of 
thyme.  5.  Water  saturated  with  muriat  of  soda.  6.  Alcohol 
highly  rectified.  7.  Alcohol  and  water  in  equal  parts.  8.  Alcohol 
one  part,  water  three.    Q.  Water. 

*  Resetrchet  on  the  ModiBtations  of  the  Atmosphere,  toL  L 
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Comparative  Indications  of  Nine  Thermometers  made  of 
different  liquids* 


Reaamur*! 
,^icale. 

OUof 
ollTet. 

Enen. 
tial 
oUof 
camo- 
mile. 

Enen- 

tial 
oUof 
thyme. 

Water 

saturated 

with  ma- 

riatof 

ioda. 

Highly 
recti- 
fied al- 
oohol. 

One 

part  al- 
cohol, 
one 
water. 

One 

part 

aicohoU 

three 

water. 

Watw. 

JUercory. 

80 

80^ 

80-0 

80-0 

80-0 

«o-o 

800 

800 

80*0 

75 

74-6 

74-7 

74-3 

741 

73*8 

73-2 

71-e 

71*0 

70 

69-4 

69-5 

68-8 

68*4 

67-8 

66-7 

62-9 

620 

65 

64-4 

64-3 

68-3 

62-6 

61*9 

60-6 

55-2 

53-5 

60 

5V>-S 

591 

58-3 

571 

56-2 

54-8 

47-7 

45-8 

55 

54-2 

53-9 

58-3 

51-7 

50-7 

49-1 

40*6 

38-5 

50 

49-2 

48-8 

48*3 

46-6 

45*3 

43-6 

34-4 

32*0 

45 

440 

436 

43-4 

41*2 

40-2 

38-4 

28-4 

26- 1 

40 

39-2 

38-6 

38*4 

36-3 

85*1 

33-3 

230 

20-5 

35 

S4-2 

33-6 

33-5 

81-3 

30*3 

28-4 

180 

15-9 

30 

29-8 

28-7 

28-6 

26*5 

25.6 

23-9 

13-5 

ll-£ 

25 

24-3 

23»8 

23*8 

21-9 

21-6 

19-4 

9-4 

7-3 

20 

19S 

18-9 

190 

17-3 

.16-5 

15-3 

6*1 

4.1 

15 

14-4 

14-1 

14-2 

12-8 

12*2 

111 

3*4 

1-6 

10 

9-5 

9-3 

9-4 

8-4 

7-9 

71 

1*5 

0*2 

5 

47 

4-6 

4-7 

4-2 

3-9 

3-4 

1-0 

-0*4 

0 

0-0 

0-0 

0-0 

OO 

00 

00 

00 

0.0 

-   5 

-4-1 

-3-9 

-10 

-8-0 

-T71 

If  we  express  by  d^  the  number  of  degrees  indicated  by 

each  of  these  thermometers,  on  its  own  scale,  when  t  is  the 
number  indicated  by  the  mercurial  thermometer  divided  into 
80  parts,  all  the  experiments  of  De  Luc  may  be  represented 
by  the  general  formula 

d^=at  +  bt*+ct'; 

A,  B,  c,  being  arbitrary  constant  quantities,  differing  in  the 
different  liquids:  and  of  which  the  absolute  values,  as  inferred 
by  M.  Biot,  from  De  Luc's  experiments,  ar^  presented  in  tlie 
following  table* 
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Nature  of  the  liquids. 


Values  of  tlte  co-efficients. 


B 


Mercury    -    - 
Oil  of  olives .  - 
Ess.  oil  of  camom. 
Essent.  oil  of  thyme 
Water  satur.  with  7 
muriat  of  soda  j 
Alcohof  highly  reel 
1  Alcohol,  1  water 
1  Alcohol,  3  water 
Pure  water    -    - 


+ 1  -000000 
+0*950667 
+  0-920442 
+  0-949335 

+O-820()06 

+0-784000 
+  0-705333 
+0010333 
-0-160000 


+00000000 
+0-0007500 
+00013056 
—0-0001667  +0 


f- o-ooooooooo 

-0  00(1001667 

-00000038*9 

OiHX)lOOOO 


+  0-0020275 

+  0-0020800 
+00027500 
+  0-0155217 
+  00185000 


+0-000002775 

+  0000007750 
+0-000O11667 
-0-0O0O39444 
-OOOOOJOOOO 


To  prove  the  correspondence  of  these  results  with  the  ob- 
servations,   M.  Biot  has  computed  the  values  of  d^  by  the 

formula  for  each  of  these  liquids  for  every  10*,  and  compared 
them  with  the  numbers  given  by  D  e  Luc's  observations. 

1.  Thus,  licomputing  the  thermometer^  of  oil  of  olives  from 
the  formula 

i>^=0;950667t +0-00075  t»-0-000001667tV 

we  have  the  following  comparative  table. 


Rind 

of 

liquid. 

Degrees 
of  mer- 
curial 
Thermo. 

Degree  of  thermometer,  Olive  oil.       j 

Computed. 

Observed. 

Excess 

of  oh. 

servatioot. 

Olive 
oil. 

80 
70 
60 
50 
40 
30 
20 
10 
0 

80-00 
69*64 
59*37 
49-20 
39-12 
2915 
19-30 
9-58  / 
000 

800 
69-4 
59-3 
49-2 
39-£ 
29-3 
19-3 
9-5 
0-0 

.0-00 
-0-24 
-0-07 

0-00 
+  0-08 
+0-15 

0-00 
-0-08 

000 

Here  the  greatest  variation  between  the  observation  and  the 
computation  is  less  than  one  fourth  of  a  degree;  and  nearly  all 
the  rest  are  exceedingly  minute. 
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Mr.  Be  Lnc  put  the  oil  of  olive  thermometer  several  times  in 
n  refrigerating  mixture  which  caused  the  mercurial  thermometer 
to  descend  to  —  14** ;  and  he  relates  that  the  oil  thermometer 
remained  nearly  at  that  degree  so  long  as  the  oil  was  not  con- 
gealed. This  result  agrees  with  the  preceding  formula  ;  for  if 
we  suppose  T  =  —  14%  the  formula  gives  d^  =  —  13^«21. 

But  when  the  oil  began  to  congeal,  the  olive  oil  theruiometer 
fell,  all  at  once,  much  lower  than  the  mercurial '^ermometer; 
the  oil,  indeed)  retired  entirely  within  the  ball.  It  will  be  seen  that 
it  was  the  congelation  which  produced  this  sudden  depression : 
for,  when  it  has  taken  place,  if  the  temperature  be  raised,  the 
mercurial  thermometer  will  rise  immediately,  but  the  oil  ther- 
mometer will  remain  at  its  extreme  point  of  depression,  during 
an  interval  sometimes  considerable,  being,  without  doubt,  that 
which  the  oil  would  require  to  become  uncongealed.  But  having 
once  resumed  its  liquid  state,  it  will  soon  regain  its  relative  po- 
sition as  to  the  mercurial  thermometer,  and  manifest  its  accus- 
tomed progress.  DeLuc  supposed  that  it  was  the  privation  of 
aif  which  enabled  the  oil  to  undergo,  without  congealing,  a 
degree  of  cold  which  would  have  caus^  its  congelation  in  the 
open  air.  But  it  appears  from  the  experiments  of  Sir  Charles 
Blagden,  that  neither  the  exclusion  of  the  air,  nor  rest,  are 
absolutely  necessary  to  the  production  of  that  effect,  though 
they  may  contribute  to  it. 

We  may  leara  from  these  phenomena,  1.  That  oil  of  olives 
may,  in  certain  circumstances,  as  well  as  water,  be  depressed  to 
a  temperature  far  lower  than  its  ordinary  degree  of  congelatton, 
without  ceasing  to  be  liquid.  2.  That  it  contracts  in  congeal- 
ing as  mercury  does,  which  is  evident  of  itself,  as  the  parts  con- 
gealed retire  to  the  bottom  of  the  vessel.  S.  That  down  to  the 
very  moment  in  which  it  becomes  solid,  it  retains  exactly  or 
very  nearly  the  same  law  of  dilatation :  this  appears  also  to  ob- 
tain with  respect  to  mercury,  as  we  conclude  from  the  discus- 
sion of  Mr.  Cavendish  relative  to  the  experiments  of  Hutchins 
at  Hudson's  Bay* 

Hence  we  see  that  olive  oil  in  cooling  to  any  degree  what- 
ever, cannot,  like  water,  have  an  apparent  maximum  of  con- 
densation, at  least  in  glass  tubes.  Ims,  also,  is  shewn  by  our 
formula :  for  this  maximum  would,  answer  to  the  case  ia  which 
we  should  have 

-7-  =  0;  which  gives 

T 

0  =  0-950667  +  0-0015T  -  0-000005T*; 
an  equation  of  which  the  roots  are 

t'=  -  31l*l5  T^'s+eil^^-l. 
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This  indicates  that  if  the  oil  could  remain  liquid  in  the  theruio* 
meter  at  these  temperatures^  aud  if  it  continued  to  dilate  ac- 
cording to  the  same  law,  it  would  have  an  apparent  maximum 
of  condensation  atSll""*!  below  zero,  and  a  maximum  of  dilo' 
tation  at  61 1^-1  above  it.  But  these  limits  are  far  too  remote 
from  our  observations,  to  allow  of  our  safely  extending  to  them 
the  consequences  of  the  formula.  All  that  can  hence  be  con- 
cluded is,  that  olive  oil,  so  long  as  it  remains  liquid,  continues 
to  contract  by  cooling,  and  that  it  will  even  congeal  without 
expanding ;  which  is  conformable  to  the  observations. 

2.  For  the  essential  oil  of  camomile,  the  theorem  is 

D    =  0-92044  16t  +  00013056t*-0  0000038891^ 

The  comparbon  of  the  results  of  this  formula  with  observa- 
tions, gives  the  greatest  deviation  at  40'' ;  but  even  there  it  is 
only  —  0*06  i  in  most  temperatures  below  30°  or  above  45®  it 
is  scarcely  perceptible.  So  that  practically  this  theorem  may 
be  considered  as  exact  as  observation  itself.  It  appears,  also, 
that  this  oil  has  not  a  maximum  of  condensation ;  for  the  equa- 
tion of  such  maximum  is 

0  =  0-9204416  +  0-0026  12t  -  000001  1667t% 
the  roots  of  which  are  t'=  -  189*-;  t''  n  +  413..     Both 
these  values  are  far  too  remote  from  our  experiments  to  be  re- 
garded as  applicable. 

3.  Proceeding  next  to  the  essential  oil  of  thyme,  we  have  the 
formula 

D^  z:0-949336t  -  0000 1 667  T* +0-0000 1  T^ 

The  comparison  with  experiment  furnishes  a  very  satisfiictory 
correspondence :  from  60^  to  70*  the  differences  between  com- 
putation and  observation  are  nearly  a  quarter  of  a  degree ;  at 
most  other  temperatures  the  differences  are  imperceptible. 
Here,  again,  there  is  no  maximum  of  condensation :  for  the 
equation  which  would  give  the  maximum  is 

0  =  0-949336  -  0-0003334T  +  0-00003t% 

the  two  roots  of  which  are  imaginary.    Tlius,  this  oil,  like  the 
preceding,  may  become  congealed  without  dilating. 

4.  For  water  saturated  with  muriat  of  $oda^  the  theorem  b 
B^ s  0-820006 T  +  0  0020275 T*  +  OOOOO02775 t'. 

The  correspondence  of  observations  with  this  theorem  is 
nearly  as  great  as  can  be  desired.  In  only  two  cases  between 
Z(f  and  r-  10**,  does  the  difference  exceed  a  tenth  of  a  degree ; 
and  in  the  majority  of  instances  the  difference  did  not  exceed 
0-01  of  a  degree.    The  temperature  was  carried  below  zero  by 
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means  of  freezing  mixtures.     This  solution,  again^  congeals 
"without  dilating.     For  the  equation  of  the  maximum  is 
0  =  0'820006  +  O0O4O55T  +  ()0()0(X)8325  T*, 

of  which  the  two  roots  are  imaginary.  Thus  the  muriat  of 
«oda^  on  combining  with  the  water  to  saturation^  loses  its  pro- 
perty of  dilating  before  it  becomes  solid.  It  ^ould  be  interest- 
ing to  verify  this  result  by  experiment.  For,  although  it  seems 
here  founded  on  a  very  strong  analogy,  since  the  law  of  the 
dilatation  and  contraction  is  maintained  very  rigorously  down  to 
—  10^  Reaumur;  yet  it  must  only  be  spoken  of  as  being  highly 
probable.  But  to  make  the  experiment  well,  it  will  be  requi- 
site that  the  thermometer  formed  of  the  solution  be  most  care- 
fully freed  from  air,  and  tiiat  the  refrigeration  be  carried  on 
slowly,  in  order  that  the  solution  may  be  kept  fluid  even  a  little 
below  die  usual  degree  of  its  congelation. 

Sir  Charles  Blagden  has  made  an  observation  of  this  kind, 
which  b  related  in  his  interesting  memoir  on  **  The  effect  of  va- 
rious substances  in  lowering  the  point  of  congelation  in  water*;'* 
but  the  solution  which  he  employed  was  not  saturated ;  it  con- 
tained 4*8  of  water  to  1  of  salt.  Consequently,  its  point  of  con- 
gelation ought  to  be  at  —  10***  37  according' to  the  law  which 
Sir  Charles  has  found.  This  solution  continued  to  contract  till 
it  was  cooled  to  —  6^*67  (iT  Fahr.),  but  had  sensibly  expanded 
by  the  time  it  was  cooled  to  —  I'^SS  ( 1 5°  Fahr.).  These  limits 
are  far  elevated  above  the  temperature  —  10^  to  which  De  Luc 
has  carried  the  satinrated  solution  which  formed  his  thermometer, 
without  its  exhibiting  any  sign  which  announced  a  dilatation : 
consequently,  the  experiment  of  Blagden  cannot  invalidate  the 
law  which  we  have  found  for  the  saturated  solution  employed  by 
De  Luc.  It  would  be  very  natimil  that  a  certain  proportion  of 
•alt  would  deprive  the  water  of  its  property  of  dilating  before 
congelation,  and  that  a  less  proportion  would  not  produce  the 
same  effect.  This  is  precisely  what  obtains  in  mixtures  of 
water  and  alcohol,  as  will  soon  be  seen. 

5.  We  now  pass  to  highly  rectified  alcohol,  for  which  the 
formula  is 

D^  =  0-784  T  +  0-00208  T*  +  0-00000775  t'. 

The  comparison  of  the  results  of  the  theorem  with  those  of  ex- 
periment, gives  a  difference  of  O'^'lO  at  the  temperature  of  10^. 
At  no  other  temperature  subjected  to  the  comparison  does  it 
amount  to  half  this,  and  in  nearly  half  the  cases  it  was  imper- 
ceptible.   Here,  again,  the  law  of  the  dilatation  does  not  indi- 


^  Phil.  Tram*  vol.  Ixxriii.    New  Abridgement,  vol.  xvi.  p.  47t. 
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catd  any  retrogradation,  for  the  coDdition  of  die  maximum  of 
D    ^'ill  be 

0=  0784  +  0-00416T  +  0-00002325 1*, 
tbe  two  roots  of  which  are  imaginary. 

The  value  of  d^  given  by  our  formula  will  be  very  coav#- 

nieul  for  the  comparison  of  thermometers  of  alcohol  with  mer- 
curial thermometers.  It  will  b^  seen  that  this  is  often  indis- 
pensable ;  for  there  is  much  difference  between  the  tM  o  ther- 
roometerSy  when  they  are  both  tegulated  to  the  terms  of  the 
freezing  and  boiling  points.  The.  difference  becomes  less  wheo 
the  thermometer  of  alcohol  is  regulated  to  the  mercurial  one  at 
lower  temperatures.  If  we  put  T  =  (t)  +  t',  and  determine 
(t)  in  siich  manner  as  to  cause  the  square  of  t'  to  disapp^  from 
D^  we  shall  find  (t)  =  -  89''463  R ;  and  then  the  transformed 

value  of  D    will  become 

T 

D^  =  -  58*^.981  +  1-3421  St'  +  0-00000775t'^ 

The  thermometer  of  alcohol  will,  therefore,  mark  —  58*^1 
on  its  own  scale,  when  t'  will  be  nothing,  that  it,  when  tbe 
mercurial  thermometer  stands  at  89M63  below  zero.  Pro- 
ceeding from  this  term  fo  80*  either  above  or  below,  tbe  pn>- 
Sress  of  the  two  thermometers  will  be  nearly  proportional ;  for 
le  term  containing  t''  which  alone  affects  the  exactness  of  the 
proportionality,  cannot  reach  4  degrees  in  the  extreme  case 
where  we  make  t'  =  ±  80*.  Such  is,  therefore,  the  greatest 
correspondence  which  can  ever  exist  between  the  dcohol  and 
mercurial  thermofneters,  supposed  indefinitely  prolonged  below 
lero. 

6.  Let  us  next  consider  the  mixtures  of  water  and  akoluA. 
And  first  when  the  proportion  of  water  is  small,  the  affinity  of 
alcohol  for  it  long  preserves  its  liquidity  and  opposes  its  retro- 
gradation.  This  is  proved  by  observation  upon  the  thermometer 
constituted  of  equal  parts  of  alcohol  and  water.  The  formula 
in  that  case  is 

D^  =  O-IOaSSSx  +  O-00275t*+  0000011667x5: 

and  the  comparison  with  observations  proves  that  the  law  of  the 
dilatation  is  very  well  represented  by  this  formula.  Tbe  pro- 
portion of  water  is  not  yet  sufficient  to  communicate  to  the  al- 
cohol its  retrograde  property  :  for  the  equation  wtiich  gives  tbe 
maximum  of  n^  is  ' 

0  =:  0-705S3S  +  0-0055  T  +  0•000035T^ 
and  its  two  roots  are  imaginary. 

7.  But  on  augmenting  tlie  water  the  influence  of  that  liquid 
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will  become  perceptible.  Thus,  takiog  tlie  thermometer  made 
with  out  part  of  alcohol  and  three  of  water,  the  Ibrmula  be- 
comes 

j)^  =  0^10333 T  +  O-0155277T*  -  00000394441^. 

Here  the  term  proportional  to  die  temperatures  is  almost  iosen* 
»ible ;  only  giving  ()***S  at  the  temperature  of  80*.  This  is  oc- 
casioned by  the  influence  of  the  water ;  for  in  pure  water  this 
term  is  negative,  as  will  soon  be  seen.  The  comparison  of  die 
experiments  with  computation  from  the  formula  is  as  follows. 


Nature 
of  the 
liquid. 

Degrees 

mercur. 
thermom. 

Degrees  therm,  made  with  the  mixture. 

Computed. 

Observed. 

Excess  of 
observ. 

Mixture 
'of 

1  part 
alcohol 

with 
S  parts 

water. 

80 
70 
60 

50 
40 
30 
20 
10 
0 

80  00 

6324 

47-99 

34-40 

22-72 

13-21 

6-10 

1-61 

0-00 

80-0 

62-9 

47-7 

34-4 

23-0 

13-5 

6-1 

1-5 

0-0 

0-00 
-0-34 
-0-29 

000 
+  0-28 
+  0-29 

000 
-Oil 

000 

Here  the  law  of  the  dilatation  is  very  different  from  that  which 
obtained  in  pure  alcohol,  and  the  di&rence  of  the  two  thermo- 
meters is  also  much  more  considerable.  For,  ascertaining  the 
maximum  of  condensadon,  we  have  the  equation 

0  =  0-010333  +  0-0310554T  -  0-000118333  t% 
of  which  the  roots  are 

T^  =  -  0^333,  t''  =  +  263^. 

The  first  alone  is  admissible ;  it  gives  a  maximum  of  conden- 
sadon at  -j-  of  a  degree  of  Reaumur  below  zero*  Substituting 
this  value  of  t' in  the  equadon  for  D^,weshanfind  D^s  -O^'-OOH, 

that  is  to  say,  at  the  in^nt  of  this  maximum  of  condensation 
the  thermometer  of  the  mixture  ought  to  be  as  to  sense,  at 
0  on  its  own  scale.  This  maximum  is  indicated  by  the  slow 
dilatation  of  the  mixture,  which,  according  to  observation,  was 
only  0^*1  on  its  own  scale  when  tlie  mercarial  thermometer  was 
at  4-  5°.  According  to  the  formula  it  ^ouM  dt/sn  have  becq 
at  +  0***4 :  the  error  is  of  the  order  of  those  which  may  be  ex- 
pected from  the  deducdon  of  the  formula  and  the  nature  of 
observadon. 
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'  8.  Lastly,  we  shall  proceed  to  examine  the  law  of  die  dilata*- 
lion  in  the  diermometer  made  of  distilled  wattr^  for  which  the 
theorem  is 

D    =x  -  016t  +  0'0185t*  -  OOOOOt*. 

Here  the  term  proportional  to  the  temperature  is  negative;  and 
among  the  liquids  which  we  have  examined,  water  is  the  only 
one  which  presents  that  peculiarity*  Hence  it  is  natural  to 
infer  that  its  dilatations  will  differ  much  from  those  of  mercury ; 
and  this  is  clearly  shewn  by  the  following  table. 


Nature 
of  the 
liquid. 

iii 

Degrees  of  water  thermom. 

Computed. 

Observed. 

Excess 
of  observa. 

Distilled 
water. 

80 
70 
60 
50 
40 
30 
20 
10 
5 
0 

80-0 

62-3 

46-2 

320 

20  0 

10-5 

3-8 

0-2 

-0-343 

0^ 

800 

62-0 

45-8 

320 

20-5 

11-2 

41 

0-2 

-0-4 

0-0 

0-0 
-0-3 
-0-4 

00 
+  0-5 
+  0  7 
+  0-3 

0-0 
-  0057 

0-0 

Thb  thermometer  is  certainly  the  most  irregular  of  all ;  a 
circumstance  peculiar  to  water,  as  De  Luc  has  frequently  re- 
marked in  his  work.  Yet  we  see  that  the  observations  oscillate 
about  the  formula  within  very  narrow  limits  ;  the  discrepances 
being,  indeed,  such  as  are  fairly  attributable  to  the  obsei^ 
various. 

Here  we  have  a  maximum  of  condensation^  the  equation  which 
determines  it  being 

0  =- 0-16  4- 0037 T  -  00001  5t% 

Mhose  roots  are  t'  =  +  4«-402  and  r '  =  +  25  P« 
The  first  b  that  which  renders  d^  a  minimum,  and  which  con- 
sequently indicate*  a  maximum  of  condensation.  De  Luc  says 
that  th'is  maximum  appeared  to  him  to  answer  nearly  to  the 
temperature  of  +  4^,  which  differs  very  little  from  the  compu- 
tation. He  remarks,  also,  that  at  the  moment  of  dus  pheno- 
menon, the  thermometer  of  ws^er  stood  at  about  i  a  degree 
below  zero  on  its  own  scale.    Our  formula  gives  —  0^*:)5. 
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Liet  it  be  remarked  that  this  maximum  it  only  apparent^  and 
that  it  must  receive  a  correction  to  exhibit  the  real  maximum. 
Let  it  be  recollected,  farther,  that  we  here  employ  distilled 
^vater,  free  from  air,  and  that  common  water,  wbibh  contains 
air,  probably  dilates  according  t#  rather  different  proportions. 

9.  M.  Biot,  previously  to  deducing  from  these  results  the 
true  and  absolute  dilatations  of  the  liquids  observed  by  De  Luc, 
remarks  that  the  thermometrical  observations  on  which  the  pre- 
ceding deductions  are  founded  may  not  perhaps  be  exempt  from 
slight  inaccuracies.  In  M.  De  Luc's  work  he  treats  much  at 
large  on  the  construction  of  the  thermometer,  and  speaks  only 
of  the  care  which  should  be  taken  in  immersing  at  once  the  ball 
and  the  liquid  colunm  in  the  temperature  which  he  would  com- 
municate to  it.  The  same  thing  should  be  regarded  in  observ- 
ing the  intermediate  temperatures  between  the  fixed  points. 
If  these  precautions  have  been  neglected  by  De  Luc,  which,  in 
truth,  is  scarcely  probable,  all  the  numbers  observed  by  that 
philosopher  will  be  affected  by  a  small  error,  equal  to  the  dila- 
tation of  the  portion  of  liquid  contained  in  the  tube  of  hb  ther- 
mometers at  each  of  the  temperatures  observed.  Hence  it 
would  be  interesting  to  have  these  results  confinned,  by  a  repe- 
tition of  the  experiments. 

10.  Let  us  now  proceed  to  deduce  the  true  and  absolute 
dilatations :  which  is  very  easy.  To  fix  and  graduate  die  ther- 
mometers DeLuc  put  them  successively  in  the  temperatures  of 
melting  ice  and  boiling  water;  marking  in  each  case  the  upper 
extremity  of  the  liquid  column,  and  dividing  the  interval  into  80 
equal  parts.  Consequently,  the  absolute  and  apparent  dilata- 
tion of  the  liquid  employeid  being  represented  together  by  d, 
that  dilatation  will  determine  the  extent  of  SO"";  and  thence, 
knowing  d,,  that  is  to  say,  the  number  of  degrees  of  the  same 

thermometer  corresponding  to  the  temperature  t,  we  may  easily 
deduce  the  apparent  dilatation  A^ ;  for  we  have  obviously 

But,  calling  ^^  the  tn^p  and  absolute  dilatation  of  a  liquid, 
that  is,  the  dilatation  which  would  be  observed  in  a  vessel  not 
dilatable,  we  have  seen  that  it  may  be  computed  from  the  ap- 
parent dilatation,  and  that  we  have  in  seneral 
»T  =  kt+(1+kt)At; 
K  being  the  cubic  dilatation  of  the  matter  of  the  vessel  in  which 
the  apparent  dilatation  A^  is  observed.  Putting,  therefore,  here, 
for  At  its  value  in  terms  of  d^  it  will  become 

l  +  RT 

*T«  KT+D-^^Dx; 
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then,  wibstituting  for  d^  the  general  expressioti  at+bt*  +  ct*, 
which  has  been  veritied,  we  have 

^  =  KT  +   D  35-^ , 

which,  by  actual  multiplication,  becomes 

/  ,     DA       »     .       l  +  A*  ,     ,      C+BE  KCD        . 

*T  =  C^  +-80"^)  +  -16-  "^    +  -lo-  °^'  +  -80-^- 

The  term  that  includes  x*  may  be  always  regarded  as  insen- 
sible. For  water  it  would  only  give  xogVggg  ^^  ^^*^  primitive 
volume  even  when  t  =  80°.  Thus,  neglecting  this  term,  when 
the  total  dilatation  d  is  known  for  any  liquid,  we  must  substi- 
tute its  value  in  this  formula,  and  making 

,        Di  ,  B-rAK  C  +  BK 

a-K+^,...b^i>  -55-, . .  .  c  =  n  -^^, 

we  shall  have,  for  any  other  temperature,  the  true  and  absolute 
dilatation  i^  by  the  formula 

J^  =:  ax  +  ix*  +  ex', 
which  b  that  which  was  announced  at  the  commencement  of 
these  enquiries.  But,  if  the  experiments  which  we  employ  are 
extremely  accurate,  the  term  proportional  to  the  fourth  power 
of  the  temperatures  may  perhaps  be  rendered  perceptible;  and 
in  that  case  it  would  be  necessary  to  introduce  a  term  of  that 
order  in  the  computation  of  d^  from  the  observations.  Let  it 
be  remarked  also,  that  these  formulae  being  expressed  in  de- 
grees of  Reaumur,  the  cubic  dilatation  K  of  the  matter  of  which 
the  vessel  is  constituted  must  always  be  taken  in  reference  to 
those  degrees,  ' 

1 1 .  All  De  Luc's  experiments  were  made  with  thermometer 
tubes  of  glass.  From  the  experiments  of  Lavoisier  and  La- 
place it  appears  that  the  cubic  dilatation  of  glass  employed  for 
this  purpose  is  0*0000262716  for  each  degree  of  the  centesimal 

thermometer.    Multiplying  this  by  —  or  adding  to  it  f  of  its 

value,  we  shall  have  the  cubic  dilatation  corresponding  to  a  de« 
gree  on  Reaumur's  scale,  namely,  k  =:  0*00003284. 

All  18  reduced,  therefore,  to  the  determining  by  experiment 
the  total  and  apparent  dilatation  d.  Unfortunately,  there  are 
no  liquids  of  which  it  can  at  present  be  said  that  this  is  pre- 
cisely known.  In  this  uncertamty  let  us  investigate  the  maans 
of  computing  it  for  water  and  alcohol,  from  the  experiments  of 
^Gilpin  and  Blagden,  having  regard  to  the  dilatations  of  the 
vessels.  In  truth,  those  philosophers  have  only  determined^ 
the  weights  from  0**  to  30**'2  R. :  but,  as  they  appear  to  have 
been  made  with  very  great  care,  their  precision  may  compensate 
for  what  they  want  in  extent.     Resides  wfaich^  there  are  easy 
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means  of  tryins  our  forniulae,  and  deducing  values  which  may 
one  day  be  verified  by  direct  experiments. 

12.  We  shall  commence  widi  alcohol.  By  comparing  the 
weights  of  the  same  volume  of  this  liquid  ascertained  by  Gil- 
pin and  Blagden  at  30%  3 5',  and  W  of  Fahrenheit,  M.  Biot 
has  deduced  by  interpolation  the  weight  of  the  same  volume  at 
32**,  which  answers  to  0'  upon  'Reaumur's  scale.  Then,  com- 
paring that  result  with  the  weights  observed  at  50%  70°,  95%  aud 
100*  of  Fahrenheit,  he  has  deduced  the  relation  of  the  volumes 
at  thbse  different  temperatures,  assuming  for  unit  the  primitive 
volume  at  32%  or  at  the  temperature  of  melting  ice.  Thus  he 
has  obtained  the  foUoining  resillts : 


DiUUtion  from 

Degrees  on  mercurial 

Yolome  of  aloohol 

the  temperature 

thermometer. 

obserred. 

of  melting  ice. 

32°  F  or     0*^-0    R 

1*000000 

0*000000 

50               8  -00 

1-010003 

0-010003 

70             16  -89 

1-021750 

0-021750 

95           ,  28  -00 

1-087369 

0-037369 

300             30  -22 

1-040525 

0-040525 

T6  deduce  from  these  results  the  total  dilatation  d  from  O'' 
to  80**  R,  M.  Biot  employs  the  two  last  observations,  and  con- 
siders them  as  given  values  of  .^  •     Tlien  in  the  equation 


^,  =  KT  +  D 


(at  +  bt«  +  ct^(1  +  kt) 


80 


all  is  known  except  d  ;  whence  that  quantity  may  readily  be 
deduced.     First,  computing  d^  and  kt,  there  are  found 
t  =  28-000 ;  AT  +  BT*  +  CT'  =  22-753 ;  KT  =  0-00091952  : 
T  =  30-222 ;  AT  +  bt*  +  cx^  =  25*808 ;  kt  =  0-00099248  : 
then,  from  the  observations  we  have 


T 


t  =:  28-000 ;  l^=  0-037369  ;  J,-  KT  =  0-036449 ;  ^^^  =«  0. 

1-»T 

T  =  80*222 ;  »,=t  0-040525  ;  ^x-  KT  =:  0^)39633 : *  0. 

Substituting  these  values  in  the  formula^  we  shall  have  two 
equations,  viz. 

0-056416  =  5^D,  and  0-039494  =  ^-^D. 

From  the  first,  d  =  0*  122649 ;  from  the  second,  D = O'  1 22424. 
These  values  differ  only  by  0-0002  of  the  primitive  volume 
at  0^ :  taking,  therefore,  the  mean,  we  have 
D=  0122536, 
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which  is  ^t  apparent  dilatation  of  the  alcohol  in  glass  from  O* 
to  80^  R.  To  obtain  the  true  dilatatioui  recourse  must  be  had 
to  the  formula 

t^   =KT  +  (l  +kt)A^, 
^hich,  when  T  s  80%  becomes 

,  ^go  =  80k  +  (1  +  80k)  d. 

Substituting  here  for  o  and  k  the  values  already  obtained, 
there  results  for  highly  rectified  alcohol 
»8o  =  0-1254852, 
or  nearly  one-eighth.    This  is  the  true  dilatation  of  alcohol 
from  ©•  to  80**  R. 

M.  Biot  knew  of  no  other  indication  on  this  subject  than  that 
of  Nollet,  who  in  his  '*  Lefons  de  Physique^*  torn.  iv.  p.  379, 
says  that  alcohol  is  dilated  by  0087  while  passing  from  the 
temperature  of  congelation  to  that  of  boiling  water.  M .  Biot 
shows  the  reasons  of  the  want  of  correspondence  in  the  results; 
and  proceeds  to  compare  his  deductions  with  those  of  Sir 
Charles  Blasden  and  Mr.  Gilpin.  In  order  to  this,  he  com- 
putes  the  values  of  the  true  dilatation  i^^  for  different  tempera- 
tures  comprised  within  the  range  of  their  experiments,  by  means 
of  the  formula 

9^  =  KT  +  ^  (AT  +  BT*  +  CtO(1  +  KT). 

Tlius  he  obtains  the  following  comparisons. 


DegiVM  of  the 

mereurial 
Ihermometer. 


Correspoading 
decrees  of  alco- 
hol thermom. 
opmpated. 


32»  F,  OP    0»      B 
50  800 

70  ,    16  89 

95  «8-00 

100  -  S0'2« 


True  dilaUtlon  fhmi  the  temperalure  ' 
of  meltinf  ice. 


0-OOQ 

6-409 

13-939 

S3153 

«5-808 


Computed.    ObMrred.      ^^^ 


000000 
0'01(H)8 
0'0S191 
003733 
004056 


0«00000 
0*01000 
0*0«175 

O'osia? 

0-04053 


OOOOOO 

—  0-00008 
-,0*00016  , 
+  0-00004  1 

-  O-OOOOS^j 


The  correspondence  of  these  results  is  quite  as  perfect  as 
could  be  hoped  for ;  and  the  deviations  of  the  formula  from 
the  observations  may  be  as  natarally  ascribed  to  the  latter  as  to 
the  former.  Hence,  reducing  the  coefficients  of  i^  and  A^  into 
numbers,  we  shall  have  the  following  results  for  any  tempera- 
tiire,  T,  whatever,  expressed  by  the  mercurial  thermometer  in 
decrees  of  Reaumur. 

I.  Degrees  of  the  thermometer  of  alcohol  on  its  own  scale, 

Dt  =  0-784T  +  0-0O208T*  +  0  ()00Cto775T'. 

II.  Apparent  dilatation  from  0®  in  glass  tubes. 

At  =  0-0020085 T  *f  00OOO03I8593T*  +  0*00000001 1 8 7t^. 
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III.  True  dilaUtioa, 
9r  =  000123369T  +  000000322537  T». +0-00000001 1 9gT». 

In  this  expression  for  the  true  dilatation  the  term  containing 
T ,  whose  coefficient  is  4  preceded  by  12  cyphers  between  n 
and  the  decimal  pomt,  is  suppressed.  The  omission  will  only 
occasion  an  error  of  000002  in  a  dilatation  of  80^;  and  the 
observations  never  reach  this  precision.  It  must  not  be  for- 
gotten Uiat  these  formula  apply  only  to  alcohol  highlu  rectified; 
tor  we  have  seen  that  the  dilatations  of  this  liquid  follow  a  dil^ 
ferent  law  when  it  contains  a  large  portion  of  water.  By  means 
of  these  formulas  thermometers  of  alcohol  or  of  mercury  may  be 
employed  indiflFerently. 

.  ^^-  ^'  ^^^^  institutes  a  similar  calculus  for  water,  proceed- 
ing here,  also,  from  the  experiments  of  Gilpin  and  Blagden,  at 
the  temperatures  before  specified.  After  tabulatmg  bis  results 
as  in  the  case  of  alcohol,  he  again  employs  the  observations  at 
950  and  W  F,  or  28o  and  80^-22  R.*^  He  then  recurs  to  the 
formula 

There  result,  from  Ae  computation, 

T  =  28-000;  D^=  8*9264;  KT  =  0000919: 
T  =  30-222;  d^  =  10-6818;  KT  ==  0*000902. 

Then,  from  the  observations, 

T-28000 ;  l^ - 0-0058S9J  *    -«t -0-0O491O ;  ^  "" '^  =  0-004050 : 

1  -f-  KT 

T  -  30«32a ;  ^^  -  0-0069409 ;  *^  -  ST  =  OK)0584«5;  ^"""  -  0-0058427. 

Stibstitutaig  these  values  in  the  formula,  they  give  respectively 
the  e^uations^ 

0004905  =  ?:^D,  and  0-0058427  =  ^^^^  D. 
It  is  obvious  that,  here,  the  minuteness  of  d,  renders  the  de- 
tarmination  of  b  fer  less  fevourabie  than  with  respect  to  alcohol ; 
so  that  it  would  have  been  preferable  if  we  could  have  employed 
experimeots  made  at  a  higher  temperature.  Yet  the  extreme 
care  of  the  observers  in  great  measure  compensates  for  this 
disadvantage ;  and  thus  the  two  values  of  d  deduced  from  these 
equations  agree  very  well  U^ether.    They  are 

D  =  0-0439595,  and  d  =  00437582. 
The  difference  between  these  is  only  0*0009  of  the  primitive 
volume.    Taking,  therefore,  the  mean,  we  have 

D  =:  0043859, 
which  is  the  apparent  dilatation  of  water  in  glass  from  0*  to 

TOL.  IJ.  1 1 
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80*  R.    To  obtain  the  true  dilatation  between  those  limits,  re* 
course  roust  be  had,  as  befdre,  to  die  formula 
*80  =  «0k  +  (I  +80k)d; 
in  which,  substituting  for  k  and  d  their  values,  we  get  aldmatelj 

^8Q  =  0-046601, 
for  the  true  dilatation  of  water  between  the  temperatures  of  0* 
and  80<»  R. 

M.  Biot  has  compared  this  result,  also,  with  the  experiments 
of  Nollet,  and  traced  the  sources  of  disagreement.  He  tfaeq, 
as  before,  compares  the  results  of  his  calculus  with  die  experi- 
ments of  Gilpin  and  Blagden,  which  he  effects  by  means  of  the 
formula 

thus  obtaining  the  following  table,  in  which  the  unit  of  Tolume 
is  the  primitive  volume  of  water  at  0^. 


Degrees  of  the 

mercurimi 
thermometer. 

Corresponding 

ofmeliingiee. 

mom.  of  water, 
computed. 

Computed. 

Observed. 

Ezce»<tfab- 
serrmtioB. 

32»F,  or     0*     R 

40         •         3-i^6 
50                   8-00 
70              it;-89 

95                 6800 
100                 00*22 

0-0000 

-  p-3373 

-  0*1220 
+     2-3340 
+     8*9264 
+    lO'rtSlS 

0*00000 
-  0*00007 
+  000019 
4^  0*P0184 
+   0*00581 
+   0*00685 

0*00000 
-  0'00OI2 
+  0*00014 
•f-  0*00188 
•1.  0*00583 
+   0-00684 

0*00000 
+    O-OOO05 
-    0»00005 
+   0*00004 
+    0*00002 
^  0-00001 

The  formula  and  the  observations  are  evidently  of  equal  ac- 
curacy. Tlie  deviations  are  all  fotmd  in  the  order  of  hundred- 
thousandth  parts  of  the  unit.  So  that  these  experimeDts,  whicfc 
are  so  delicate  to  make,  as  their  authors  testify,  are  susceptibk 
of  confirmation  from  a  calciilus  founded  on  the  thermometries 
observations  of  De  Luc,  combined  with  a  single  measure  of  the 
absolute  dilatation  of  water.  Hence,  reducing  die  coefficiehts 
of  S^  intp  numbers,  we  obtain  the  following  results  for  any  teflft* 
perature  T  expressed  in  degrees  of  Reaumur. 

J*  Degrees  of  the  thermometer  of  water  on  its  own  scale, 
:55  -0-16T  +  O.Oi85T*- 0*00003t'. 

II.  Apparent  dilatation  of  the  water  in  glass  tubes, 
^t=-OO0OO87T18t+O'OOOO101424t*-O00O0OGO2741«T*. 

III.  True  dilatation, 

*'=  •^9*^^^^^54878t4-0-0000101395t*-0000000027O8Ot*. 
In  this  expression  for  the  true  dUatation  the  term  that  con- 
tains T*  and  of  which  the  coefficient  is  9  preceded  by  12  cy- 
phcrs  between  it  and  the  decimal  point,  is  suppr^sed.     The 
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omission  viU  onlj  cause  an  error  of  0*00004  of  the  primitive 
volume  in  the  dilatation  due  to  80°.  It  must  not  be  forgotten 
that  the  law  of  dilatation  changes  when  other  substances  are 
dissolved  in  water. 

The  value  of  ^^  ^  susceptible  of  a  minimum  which  shews  us 
the  maximum  of  condensation  of  pure  water.  The  equation 
which  determines  this  minimum  is 

Gas  -0000054878  +  O-000O20279t-O'00000O0S124t*. 

Taking  only  the  smaller  root  of  this  equation,  it  is  t=  2**736 
of  Reaumur,  or  3^*42  of  the  centesimal  division.  Mr.  Gilpin 
and  Sir  Charles  Blagden,  according  to  Dr.  Thomson,  carry  the 
true  maximum  of  condensation  to  3^*89  of  the  centesimal  divi- 
sion ;  and  Dr.  Hope  found  it  frequently  at  3^*33.  On  this 
point  there  may  be  some  minute  dinerences,  depending  on  the 
more  or  less  perfect  correspondence  of  the  diermometers  em- 
ployed by  the  different  observers,  and  probably  on  the  greater 
or  less  degree  of  purity  of  the  water  employed ;  for  we  have 
seen  that  die  mixture  of  foreij^n  substances  dissolved  in  water 
may  not  only  depress  the  maximum  of  condensation,  but  eveii 
cause  it  to  disappear  entirely.  But  it  is  at  least  evident  that 
this  calculus  so  accords  with  the  whole  of  the  ezperimentSi  as 
to  ajJow  only  vepry.  slight  variations  in  reference  to  the  point  be- 
fore us. 

In  a  very  curious  series  of  experiments  made  by  Sir  Charles 
Blagden,  to  ascertain  to  what  point  water  may,  in  certain  cir- 
cumstances, be  cooled  below  zero  without  ceasing  to  be  liquid^ 
he  has  remarked  that  its  retrograde  dilatation  continued  even 
then,  and  that  it  became  so  rapid  as  to  bear  a  considerable  pro- 
portion to  the  total  dilatation  experienced  by  the  water  on  pass- 
ing into  the  state  of  ice  ^.  This  is  an  evident  consequence  of 
the  formulae.  For,  in  the  value  of  the  apparent  dilatation  Ar, 
when  T  is  positive,  the  terms  tend  to  annihilate  each  other  by 
the  opposition  of  signs :  while,  below  0^,  T  becoming  negative, 
all  the  terms  take  the  same  sign,  and  their  sum  is  effective.  To 
asceitain  how  far  the  difference  may  extend,  let  the  value  of  A^ 
be  computed  from  +  10^  R.  to  -- 10^  R.;  we  shall  then  have 

T=-hlO*^ At  =  0-0001097 

T  =  -10' A,  =00019188  J 

^  ''  Ip  exptrifoents  where  the  water  has  cooled  much  below  its  freesing 
point,  I  have  seen  (says  Sir  Charles)  the  expansion  so  great  as  to  bear  a 
considerable  proportion  to  the  whole  expansion  produced  by  freezing, 
which  last  I  believe  is  more  than  \  of  the  volume  of  the  water.  It  seemra 
as  if  the  expansion  proceeded  in  an  iocreasinj;  ratio,  beins  much  greater  on 
the  last  denee  of  cooling  than  it  was  on  the  first."  Phi).  Trans,  vol.  Uxviii. 
J^tn  Abridgaienly  vol.  xri.  p.  417. 
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where  it  ia  erident  (bat  die  kltcr  is  to  tbe  fonmr  dbo«t  m  die 
ratio  of  18  to  1. 

14.  KoDWiAg  the  vakie  of  the  tene  diktetioAr^T,  it  is  euy 
thence  to  deduce  the  apparent  dilatation  in  vessels  of  any  sob- 
stanch  whatever.  For,  denoting  by  k  the  cobic  dilatation  of  the 
matler  of  which  tib«se  vessels  are  coostitiAledy  die  apjparetit  dib- 
tation  At  is  given  in  general  hy  the  fomiuhi 

If  we  wish  to  ascertain  the  dilatation  A^  simply  for  tempers* 
tures  but  little  elevated,  and  those  which  always  remaio  low, 
we  may  neglect  die  product  of  ^«  —  kt  by  kt,  and  suppose  the 
denominator  of  the  second  member  equal  to  unity.  la  whidi 
case  we  shall  have 

At  =  't  —  J^T, 
It  is  thus  that  we  shall  employ  it  in  the  use  hcjeatker  to  be 
made  of  this  formula.     But,  for  the  greater  simplicily,  we  sUl 
substitute  th^  letters  a,  6,  c^^fiw  the  nuBierieal  eoefficieats  whiek 
If  contains,  that  is  to  say,  we  shall  take  generally 

f^zs  or  +  br^  +  CF^, 
Of  ft,  woA  c,  having  values  alreadjr  determined.  This  sttbstitiitton 
gives 

At  =  (tf-K)T  +  *T*  +  ct». 

15.  The  apparent  dilatation  A^  may  be'  susceptible  of  a  m»- 
nimnm  depending  on  the  dilatability  of  the  matter  of  which  the 
vessel  is  formed.     The  e()uation  which  determines  this  mtiii- 

plUfl^  IS 

At 
-:—  =0,  orO=a-K+24T+  Sct', 

T 

ft  quadratic  equation,  whose  roots  are 

^_,b^V[6«,3(a->)r]     and  T  =  -»-^g'-3(^^m)cl 

These  roots  will  be  both  positive  so  kmg  as  the  sabstaaoe  erf 
the  vessel  is  of  ^  nature  to  isxpand  by  heat :  for,  since  a  is  nega* 
tive  as  well  as  c,  the  product  3{a^K)c  will  then  be  positive: 
the  value  of  the  radical  expression  will  therefore  be  less  thaa 
that  of  l^,  and  as  the  denommator  Sc  is  negative,  the  two  roots 
will  have  the  sign  +.  But  the  first  is  the  only  one  which  in- 
terests us,  because  it  is  that  wbieb  is  always  very  small.  To 
compute  it  exactly  with  facility,  it  will  be  advanti^ous  to 
transform  the  eauatiou  by  muIUplymg  both  terms  of  the  frac- 
tion by  6  +  \/[o*— 3  (a— k)  c],  when  it  will  become 

T  = 


d+V[6«-3(ti*K)c]* 
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tt  «U1  then  oaly  be  requisite  to  put  for  k  its  value  in  this 
formula,  and  we  shall  have  the  temperature  T  of  the  apparent 
maximum  of  condensation.  The  absolute  maximum  of  con- 
densation is  found  by  making  K  =  0,  when  we  have 


T  z:  — 


Since  tlie  value  of  c  is  extremely  mimite,  if  the  teraperatvre 
of  the  maximum  should  be  very  small  also,  we  may,  in  approxi- 
mations, neglect  the  term  3ct*  in  the  equation  which  determines 
thfit  maximum ;  in  which  case  w^  shall  have 

Apparent  maximum  T  =  —  —  "^  "55* 
True  maximum  (t)  =  —  -rr. 

Whence  we  dednce  t  =  (t)  +  "oT* 

This  result  shows  how  the  apparent  maximum  depends  upon 
the  true  maximuni  and  the  dilatation  of  the  vessel.  It  dbows 
that  to  obtain  the  temperature  T  of  that  maximum,  it  is  requi- 
site to  have  regard  to  the  term  which  contains  the  square  of  the 
temperatures  in  the  expresMon  of  the  dilatation  of  water.  But 
diis  more  simple  result  is  only  an  approximation ;  and  the  true 
expression,  namely, 

__       fl— It 

^  ""   ""  *+v'[^-3(a-Ji)c]' 

may  differ  from  it  very  perceptibly,  especially  if  the  vessels  are 
very  dilatable  ;  for  then  the  values  of  K  and  t  will  both  increase, 
and  the  error  which  may  result  horn  neglecting  the  term  8cT^ 
may  be  very  considerable. 

IG.  This  result  M.  Biot  applies  to  the  experiments  made  bj 
Mr.  Dalton  on  the  apparent  maximum  of  condensation  of 
water  in  expansible  vessels*.    To  Dalton's  results,  Biot  an- 

♦  Nicholson's  Journal,  N.  S.  vol.  x.  p.  93.  (1805.) 

I  shall  throw  into  this  note  the  principal  part  of  Mr.  Dalton*8  paper  cited 
by  M.  Biot. 

**  A  number  of  water  thermometers  are  to  be  procured,  the  containing 
vessels  of  which  are  of  different  materials,  as  earthen  ware,  glas«,  and  va- 
rious metals.  Each  of  these  should  contain  pne  or  two  ounces  (from  4  to 
800  grains),  more  or  less,  of  water.  Common  brown  inkstands,  which  go 
by  the  name  of  Nottingham  ware,  answer  very  well  for  one  species,  but 
they  require  to  be  wellnainted  without,  as  they  are  not  otherwise  water- 
tight. 1  have  a  few  or  Queen's  ware,  made  purposely  in  Staflbrdshire, 
Which  constitute  another  species  of  earthen  ware ;  some  of  them  are 
glazed  in  and  out ;  others  unglazed,  but  these  being  painted  without  are 
made  water* tight,  and  expand  the  same  by  heat  as  glazed  ones :  Of  glass. 
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nexes  the  cubic  dilatations  of  the  substances  of  which  the  vessels 
were  formed. 


common  thermometer  tubes,  with  larger  bulbs  than  ordinary,  are  sufficteiif. 
I  have  the  metallic  vessels  made  in  the  shape  of  cylindrical  tin  canistcrt, 
conical  towards  the  top,  and  at  the  summit  a  small  cylindrical  tube,  such 
as  to  take  a  thermometer  tube.  The  glazed  earthen  ware  and  the  metaltic 
require  mostly  to  be  painted  before  thcj  are  quite  tight. 

'*  The  vessels  being  thus  prepared,  they  are  to  be  filled  with  water  pre* 
vioutly  boiled  to  expel  the  air :  a  thermometer  tube  with  cement  u  thea 
suddenly  plunged  into  the  vessel  and  cemented  fast ;  the  water  may  then 
be  driven  out  of  the  tube  by  heat,  or  more  may  be  put  into  it  by  a  small 
wire ;  it  is  then  fit  for  use,  and  a  scale  of  equal  parts  may  be  applied  to  the 
tube;  or  it  may  be  divided,  and  marks  made  with  a  file  or  paint. 

**  Some  of  the  results  of  myexperiments  with  instruments  of  this  kind 
are  as  follow:  (Fahrenheit's  Thermom.) 

Water  Wiirr  tke  aasc 

1ov«tt.  kdtU. 

1.  Brown  earthen  ware.  No.  1,  at  36**    -        at  32<»  and  40*. 

5.  Brown  earthen  ware.  No.  2,  -    38      -        -    32    and  44 

3.  Queen's  ware,        ,-        -        -    40      -        -    3S    and  48 

4.  Flint-glass,  -        •        -4lj-        -32    and  b\ 

6.  Iron,  thin  plate      ...    49|    .        -32    and  53 

6.  Tinned  iron,          ...  4?§  -  -  32  and  53 

7.  Copper,         ....  45}  -  -  32  and  69 

8.  Brass,            .        -        -        -  46  -  -  32  and  60 

9.  Pewter,         -        -        -        .  4^  -  -  32  and  60 
10.  Lead,              -        -        -        -  49i  -  -  32  and  67 

*'  Another  phenomenon  in  these  instruments  is  observable ;  it  is  not 
new,  but  it  deserves  a  marked  attention  in  the  present  enquiry :  If  the  ap- 
parent expansion  of  water  for  the  first  10°  of  temperature,  reckoned  from 
the  lowest  point  in  any  of  the  above  instruments,  be  denoted  by  1 ;  then  if 
the  instrument,  taken  at  any  temperature,  be  suddenly  plunged  in  water 
of  :0^  higher  temperature,  the  water  insundy  sinkt  a  considerable  way, 
occuioned  no  doubt  by  the  vessel  being  extended  by  the  heat  before  the 
water  it  contains  has  time  to  expand.  The  quantity  of  depression  in  the 
different  instruments  was  found  as  under: 

«'  Brown  earthen  ware  sinks  by  deing  dipped  in 
water  of  10»  higher  temperature,     -  -2 

Jueen^s  ware  -        .        -        -  -3 

?lint-glass,        ....        -  -25 

Iron, OS 

Copper, ^ 

Brass,      -        -        -        •        -        .  i*i 

Pewter,  .        -        -        -        -  i-o 

Lead,      • lb:' 
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Reiipective 

Cubic  dilatation 

Maximum  of 

Degrees  at  wbjcb 

substance! 

for  1**  It.  according 

condensation 

water  stands 

of  the  veBself. 

to  Lavoisier  and 

observed  in 

at  the  tame 

UplAce. 

degrees  of 

height. 

Reaumur. 

Flint-glass  - 

0-00003003 

4*^-222 

Oo  and  8*^-444 

Iron    -   -    - 

0*00004578 

4-667 

9-334 

Copper  -    - 

000006309 

6-000 

12- 000 

Brass     -    - 

0*00007002 

6-222 

12-444 

Pewter  -    - 

0-00007266 

6- 664* 

13-  328 

Lead   -  -  * 

000010689 

7-778 

15-555 

The  comparison  of  these  results  with  the  formulae  is  exhibited 
in  the  following  tables 


Respective 

substances 

of  the  vessels. 

Apparent  maximum  of  condensation 
in  degrees  of  Reaumur* 

Computed. 

Observed. 

Excess  of 
obsei'vation. 

Flinl-glass  - 
Iron     -  -   - 
Copper  -  - 
Brass  -   -*   - 
Pewter    -    - 
Lead  -   -  - 

4^-236 
5-  072 
5-960 
6-319 
6-456 
8-  246 

4^-222 
4-667 
6- 000 
6-222 
6-064 
7-778 

-0.014 
-0-405 
+0-040 
-0-097 
+  0-108 
-0-468 

The  differences  here  evinced  between  the  calculus  and  the 
experiments  are  by  no  means  great.  They  may  even  arise 
from  some  slight  differences  between  the  expansions  of  the 
substances  observed  by  Lavoisier  and  I^place,  and  the  expan- 
sions of  those  which  constituted  Mr.  Dalton's ^vessels;  and  so 
much  the  rather,  as  the  errors  of  expansion  become  extremely 
augmented  by  the  smallness  of  the  divisor  by  which  they  are 
affected  in  the  expression  for  t.  But  farther,  as  the  deviations 
are  marked  generally  by  the  negative  sign,  M.  Biot  is  inclined 
to  think,  that  the  water  employed  by  Mr.  Dalton,  at  least  in 

^  This  value,  6*664.  is  employed  as  it  appears,  torn.  ii.  p.  156.  of  the 
French  translation  of  Thomson's  Chemistry.  In  N  icholson*8  Journal,  the 
nomher  for  pewter  is  the  same  as  for  brass  ;  which  M.  Biot  regards  as  aa 
erratum,  especially  as  the  value  given  by  Dr.  Thomson  agrees  very  well  vvith 
the  theory. 
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some  of  his  experiments,  was  not  perfectly  pure,  but  that  it 
contained  a  small  quantity  of  some  saline  substance,  which 
rather  depressed  its  maximum  of  condensation.  This  may 
explain  why,  on  employing  vessels  whose  dilatation  was  almost 
imperceptible,  as  earthen-ware,  for  example,  Mr.  Dalton  has 
found  the  apparent  maximum  lower  than  the  ordinary  term  of 
the  true  maximum,  and  once  among  others  at  +  1^78  Reaumur; 
while  Biot's  formula  for  pure  distilled  water,  gives  the  tr«e 
muximum  at  2''-74R.,  almost  l^R*  higher  than  Dalton's  ob- 
servation. 

Mr.  Dalton  has  also  observed  that  in  h'ls  vessels  the  water  is 
mfKle  to  stand  at  equal  altitudes  by  equal  changes  of  tempera- 
ture above  or  below  that  which  answers  to  the  apparent 
maximum  of  condensation.  This,  again,  is  a  consequence  of 
our  formula.  The  general  expression  of  the  apparent  dila- 
tation A^  in  these  lower  temperatures  is 

and  putting  t'  for  die  temperature  at  the  apparent  maximum 
of  condensation,  we  have  seen  that  this  temperature  b  given  by 
the  equation 

0=«- K-l-2  &r'+3rr^. 

Making,  in  general,  Tnr^-f  ^,  that  is,  reckoning  the  tempe- 
ratures above  and  below  the  maximum  of  apparent  conden- 
sation, and  substituting  this  value  of  t  in  A,  there  will  arise 

+  (a  -  k)  /  +261^/ +301^*^ 

+  c/» 
The  first  line  is  constant :  it  is  the  value  of  die  dilatation 
A^  at  the  epoch  of  the  maximum  of  condensation ;  we  shall 

represent  it  by  A^.  The  second  line  has  every  line  multi- 
plied by  the  first  power  of  t;  so  that  the  factor  of  t  is 
m—K+^bV+SiV';  and  this  factor  vanishes  entirely,  since  t' 
is  determmed  precisely  by  the  condition  of  rendermg  it  no- 
thing. Thus,  when  the  requisite  reductions  are  made,  the 
expression  for  A^  will  become, 

A^  =  A^,  +  {b  +ScT')t^+ctK 

We  have  seen  that  the  co-efficient  c  is  very  small;  for  we 
have  c  :^  — 0  00000002708.    Consequently,  if  tbe  comparisoa 
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of  the  temperatures  be  extended  to  ±20*11,  there  will  reiult 

ct^=i^:  0^0002166  ^y 

so  that  this  term  cannot  produce  an  irregularity  of  more  than 
about  TTTTTT?  part  of  the  total  volume  of  water  at  0' ;  and  if  we 
take  /=i±  l(y*R,  it  will  be  eight  times  less,  or^ovmrpart  of 
die  primitive  volume.  Thus,  it  is  evident,  that  unless  the 
experiments  have  a  mathematical  precision,  the  effect  of  the 
term  that  contains  t^  cannot  be  perceived.  Neglecting  it, 
therefore,  the  value  of  A^  is  reduced  to 

A^-^'  +  (b+3CT')t*; 

and  this  manifestly  remains  the  same  at  equal  values  of  t  whe- 
ther positive  or  negative ;  which  is  the  very  property  observed 
by  Mr.  Dalton. 

The  same  able  philosopher  has  also  observed  the  quantity 
by  which  the  water  is  suddenly  depressed  in  vessels  of  different 
substances,  when  they  are  immersed  in  heated  liquid.  He  found 
that  this  quantity  was  different,  according  to  the  nature  of  the  ves- 
sd,  and  so  much  the  greater,  as  it  is  made  of  a  more  expansible 
substance.  Whence  he  naturally  conchided  that  this  sudden 
depression  is  occasioQed  by  the  dilatation  of  the  metal,  which, 
propagatuig  heat  more  rapidly  than  water,  becomes  heated 
before  it  wd  dilates  first.  Wliat  manifests  this  still  better,  is, 
that  the  quantities  of  the  depression  given  by  Mr.  Dalton,  are 
▼er}'  nearly  proportional  to  the  cubic  dilatations  of  the  sub- 
stances of  which  the  vessels  were  made.  The  vessel  of  pewter 
seemed  alone  to  present  an  exception.  But,  if  the  deviation^ 
is  not  to  be  ascribed  to  an  error  of  the  press,  it  may  arise  from 
the  extreme  difficulty  that  attends  the  making  of  such  delicate 
•xperiments,  and  of  measuring  the  sudden  depression  of  the 
ivater,  before  it  had  acquired  any  sensible  augmentation  of 
lieat. 

17.  Ttiese  researches  into  the  dilatation  of  liquids  are  ter- 
minated by  pointing  out  a  process  which  result^)  from  then^ 
(and  wrhich  appears  both  simple  and  exact)  for,  measuring 
the  differences  in  the  dilatations  of  solid  foodies.  It  con^ 
sits  IB  observing  the  apparent  dilatation  of  a  liquid,  mer- 
cury, for  example,  in  vessels  made  of  the  substances  whose 
expansions  we  virish  to  ascertain,  and  in  observing  it  always 
between  constant  temperatures,  between  0^  and  SO'^H,  for 
instance.  This  apparent  dilatation  may  be  observed  very  early, 
with  all  desirable  precision.  When  it  becomes  known  for 
vessels  formed  of  a  substance  wliose  cubic  dilatation  is  k,  we 
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shall  have  between  the  true  and  apparent  dibtattons^  A^  ami 
i^,  die  equation 

this  gives  ( 1  +  A^)tk  =:  >^  -  \. 

For  another  kind  of  vessel  subjected  to  the  same  temperatures, 
we  shall  have,  in  like  manner 

^^  remaining  the  same  because  the  same  liquid  is  ^nployed  all 
along.  Taking  one  of  these  equations  from  the  other  ^^  will 
be  made  to  disappear,  and  there  will  remain 

(I  +AgTK'-(l  +A^)tk  Z=  A^-A',; 
whence  we  have 

In  the  actual  state  of  physics,  the  dilatations  of  the  metals 
are  known  with  sufficient  exactness  to  enable  us  to  employ 
them  in  Computing  the  small  correction  dependent  on  k  in  the 
second  member  in  the  preceding  equation;  then,  by  putting  for 
^  ,  A'^,   and  t,  their  values  observed ;  k'  —  K  will  become 

known.  The  accuracy  of  these  values  will  be  so  much  the 
greater  as  ^^  and  A^^  are  inferred  from  larger  volumes ;  and 

thus,  also,  it  will  be  with  respect  to  the  difference  k'— K  of  the 
cubic  dilatations  determined  by  that  equation.  Perhaps,  m 
operating  on  the  most  dilatable  metals,  it  vnll  be  necessary 
to 'retain  ihe  term  proportional  to  Kh'^  which  was  neglected 
at  the  commencement  of  this  paper.  It  is  by  farther  expe* 
riment  we  must  ascertain  whether  it  will  become  perceptible. 

To  obtain  the  absolute  values  of  k  and  k'  by  the  same  pro- 
cedure, the  true  dilatation  $^,  must  be  known  for  the  liquid 

employed  in  the  experiments.  This  may  be  ascertained  by 
observing  that  dilatation  in  a  nourdilatable  vessel;  and  it  is 
easy  to  construct  one  which  shall  possess  that  property,  that  is 
to  say,  which  snail  include  the  principle  of  self-compensatbn, 
when  the  difference  of  dilatation  in  the  metals  is  known. 

M.  Biot  thinks  this  process  will  furnish  a  simple  and  exact 
method  of  comparing  the  progress  of  the  dilatation  of  mercury 
with  that  of  metfeils;  which  is  now  the  only  thing  remaining  to 
be  done  in  order  to  refer  all  the  dilatations  to  the  air  theimo- 
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meter,  the  most  perfect  of  all:  for,  as  to  the  absolute  dilatations 
of  metals,  they  now  appear  perfectly  known  by  means  of  the 
experiments  of  Lavoisier  and  Laplace. 

Adopting  them  we  possess  the  means  of  computing  the  true 
dilatations  of  liquids,  when  we  know  their  apparent  dilatations 
in  vessels  ot  known  nature.  To  determine  the  law  of  these 
latter,  relatively  to  a  given  liquid,  we  must  commence  by  con- 
structing a  thermometer  freed  from  air,  and  compare  it  care- 
fully with  the  mercurial  thermometer.  The  co-efficients  a,  b,  c, 
must  be  determined  from  three  of  those  observations,  and  we 
must  see  whether  all  the  others  are  comprehended  in  the  same 
law.  It  will  only  remain  to  determine  a  single  value  of  the 
absolute  dilatation  between  two  known  temperatures,  which 
will  be  easily  effected  by  means  of  the  weights;  and  with  these 
^ata  the  computation  will  make  known  the  true  or  apparent 
volume  of  the  liquid  at  any  temperature  whatever. 

Addition  to  the  preceding  paper. — The  relations  established 
in  the  foregoing  paper,  between  the  dilatations  of  several  liquids 
4ind  the  degrees  of  the  mercurial  thermometer,  are  independent 
of  all  hypothesis.  It  is  sufficient  that  we  can  determine  by 
computation  the  volume  of  each  of  such  liquids  at  a  tempera- 
ture given  by  the  thermometer;  or,  reciprocally,  tliat  we  can 
compute  the  temperature,  the  volume  being  given. 

Tne  apparent  dilatation  of  mercury  in  glass  is  taken,  here, 
for  a  standard  to  which  all  the  others  are  referred.  We  might, 
similarly,  have  referred  the  variable  volume  to  all  other  dila> 
tations ;  its  absolute  values  would  then  remain  the  same,  but 
the  form  of  the  function  which  expresses  it  would  change. 
This  is  precisely  what  has  been  done  by  Mr.  Dalton  in  his 
"  Chemical  Philosophy."  That  able  philosopher  having  re- 
marked that  the  dilatations  of  water  increased  very  nearly  as 
the  squares  of  the  temperatures  reckoning  from  the  maximum 
of  condensation,  has  concluded  that  it  ought  to  be  the  same 
for  all  liquids  whose  composition  remains  constant  during 
their  change  of  volume;  and  that  if  the  same  law  of  the  squares 
was  not  strictly  observed  for  water,  it  was  because  the  progress 
of  the  mercurial  thermometer  was  not  exactly  proportional  to 
the  heat  He  has  conceived  the  notion  of  substituting  for  this 
latter  thermometer  an  ideal  thermometer,  which  shall  be  pos- 
sessed of  thb  property,  such  as  we  might  imagine  to  be  the 
case,  for  example,  in  a  thermometer  of  air.  He  has  supposed 
that  the  dilatations  of  the  mercury^  expressed  in  functions  of 
the  ideal  thermometer,  ought  equally  to  observe  the  law  of  the 
squares  reckoning  from  the  point  of  congelation ;  and  he  has 
thought  that  on  calculating  in  like  manner  the  dilatations  of 
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all  the  other  liquids  on  this  ideal  thermometer,  they  will  all  be 
found  to  conform  to  the  same  law. 

This  hypothesis  gives  immediately  the  form  of  die  fonctioe 
M'faich  should  express  the  correspondence  between  the  mercurial 
and  the  Heal  thermometer.  Conceive  both  thermometers  ad- 
fusted  to  the  extreme  points  of  melting  ice  and  boiling  water; 
conceive,  moreover,  that  in  both  of  them  the  interval  between 
these  points  is  divided  into  HO  parts,  as  in  die  thermometer  of 
De  Luc.  Then,  if  both  instruments  be  immersed  in  the  same 
liquid,  the  first  indicating  t  degrees,  the  second  t ;  the  relatioo 
of  T  to  t,  according  to  die  hypoihesb,  will  be  necessarily  of  tfak 
form, 

T  =  fl'/  +  i'/«. 

Since  it  is  necessary  that  there  be  a  maximum,  reckonini^ 
from  which  it  shall  vary  as  the  squares  of  the  temperature* ; 
let  (0  be  the  true  temperature  of  that  maximum,  we  shall  iheii 
have 

4=0,  ora'  +  26'(0  =  O. 
f 

But,  nnce  diis  ought  to  answer  to  the  point  of  conxelatioo  of 

mercury,  for  which  we  have  t  =  —  32^  {L  vie  shall  have 

The  first  of  these  equations  gives  {t)  =  — ^ :  substituting 

this  value  in  the  second,  it  becomes 

32  =  ^.  or6'  =  — . 

Now,  it  is  necessa^  that  die  two  thermometers,  which  before 
coincided  at  0^,  coincide  also  at  80^.  In  order  to  this  we  must 
have  simultaneously  T  =  +  80**,  and  t  =  +  80*,  vrhidi  gives 
the  condition 

fl'+SOi'sl: 

this,  joined  to  the  preceding,  detennioes  ^  and  1/ ;  thus  they 
are  found  to  be,  very  nearly, 

There  is  another  value  of  a',  but  at  is  not  admiasiUe,  because 
it  would  cause  t  to  diminish  while  t  angments.  Substituting, 
then,  the  above  values  in  the  general  equation  fisr  t  it  becomes 

This  formula  exhibits  the  correspondence  of  die  mercurial 
thermometer  widi  die  ideal  diermometer,  as  it  results  from  Mr. 
l>a!ion  8  hypodiesis.    In  fact,  die  rcsulU  vyUch  we  have  de- 
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disced  from  h  are  conformable  to  those  Mrhich  this  able  philo- 
sopher has  given  in  his  new  tables  of  temperature,  pa.  14. 
The  first  column  of  the  table  contams  the  number  of  degrees 
indicated  by  the  ideal  thermometer :  Mr.  Dalton  calls  them 
true  temperatures.  The  values  of  T  which  correspond  to 
fhem^  form  the  third  column  of  the  table ;  the  degrees  being  all 
along  expressed  in  the  dirision  of  Fahrenheit,  instead  of  that  of . 
Reaumur,  which  we  have  adopted  in  this  paper.  The  next 
column  presents  the  same  degrees  t  affected  by  the  expansion 
of  glass.  The  point  on  the  thermometric  scale  between  0*  and 
80*,  where  t  differs  most  from  f,  answers  to  ^  =  40°,  which 
gives  T  =  34** ;  the  difference  is  6*  by  which  t  exceeds  t  at 
that  period.  Mr.  Dalton  finds  5«'3  for  thb  difference ;  pro- 
bably because  of  the  minute  fractions  which  we  have  neglected 
when  resolving  the  equation  for  of  by  approximation ;  and  per* 
bops,  aIso>  because  Mr.  Dal  ton  has  conducted  his  computations 
differently,  though  on  the  same  principles. 

This  hypothesis  being  now  reduced  to  its  simplest  terms,  a 
reflection  naturally  presents  itself;  which  is,  that  considered  only 
in  itself,  it  is  extremely  improbable,  since  it  assigns  necessarSy 
to  mercury  and  to  all  liquids  a  maximum  of  true  condensation, 
fixed  at  their  point  of  congelation.  In  truth,  the  mere  mathe* 
matical  enunciation  of  this  hypothesis,  leads  at  once,  for  mer- 
cury, to  an  expression  of  the  form 

where  t  has  necessarily  a  minimum  when 

■=-i- 

For,  if  we  make  ^  s  —  —  -f  ^,  which  amounts  to  the  same 
as  reckoning  the  temperatures  ^  from  the  point  when  /  s 
^  ^  we  shall  fiad 

whence  it  is  evident  that  the  values  of  T  are  the  smallest  pos- 
sible when  ^  is  nothing,  and  go  on  augmenting  from  that  term, 
at  least  if  6'  be  positive.  With  regard  to  mercury,  for  example, 
we  shall  have 

aad  consequently  t  =  —  32  +  ^^'ggi- 

Thus,  according  to  Mr.  I>aIton*s  hypothesis,  the  common 
mercurial  thermometer  can  never  descend  lower  tlianS2''R. 
below  zefo,  which  is  the  point  of  congelation  of  that  liquid^ 
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But  this  is  altogether  contrary  to  experience ;  for  it  is  known 
that  all  tlie  liquids  hitherto  observed  may,  Mrith  certain  precau* 
tionjy  be  cooled  below  their  point  of  congelation  without  be- 
co^ng  solid,  and  then,  so  long  as  ^hey  remain  liquid,  they  will 
continue  to  conform  to  their  respective  law  of  dilatation.     It  is 
thus  that  water,  for  example,  dilates  by  quantities  equal  as  to 
.  sense,  reckoning  either  way  from  its  maximum  of  density,  to  at 
least  10^  R.  ascending  or  descending.     In  like  manner,  olive  oil 
which  congeals  in  open  air,  at  a  temperature  by  no  means  low^ 
may  be  cooled  far  below  that  point,  nay  even  to  H^'R.  b^low  O, 
without  ceasing  to  be  liquid,  as  is  proved  by  the  experiments  of 
De  Luc ;  and  in  that  state  it  continues  to  contract,  according  to 
the  law  which  it  followed  in  the  re^  of  the  thermometric  scale; 
since,  as  we  have  shown  (§  1 )  that  law  does  not  permit  a  maxi> 
mum  of  condensation.     J  t  is  the  same  with  respect  to  mercury^ 
as  is  proved  by  the  disquisition  of  Mr.  Cavendish  on  HutchiaVa 
experiments  at  Hudson's  Bay.     For  it  results  from  that  disqnir 
sition  that  mercury,  as  well  as  other  liquids,  may  be  cooled 
below  its  point  of  fusion  without  becoming  solid,  that  thb  fire* 
quently  happened  in  the  experiments  of  Mr.  Hutchins,  and  thai 
when  it  has  happened,  the  mercury,  so  long  as  it  remained  fluid, 
continued  to  contract  progressively  to  the  moment  of  its  solidi- 
fication, when  it  contracted  all  at  once  in  a  proportion  much 
more  considerable*.    All  these  results  are  contrary  to  the  idea 
of  such  a  law  of  dilatation  as  is  supposed  by  Mr.  Dal  ton;  and 
the  same  contradiction  will  subsist  in  reference  to  alMiquors 
which  contract  progressively  down  to  the  instant  of  their  soli* 
dification. 

If,  notwithstanding  these  physical  contradictions,  we  would 
verify  die  hypothesis  of  Mr.  Dalton  even  by  the  experiments 
made  in  reference  to  the  dilatation  of  water,  which  is  the  prin- 
cipal object  he  had  in  view,  we  shall  find  that  it  agrees  with  it 
much  less  exactly  than  the  empyrical  law  deduct  from  die 
thermometrical  observations ;  which  is  very  natural,  since  these 
observations  have  offered  to  us  an  extremely  delicate  proof  on 
which  our  formulae  are  moulded.  All  along  we  conceive  that  a 
slight  change  of  the  thermometric  scale,  such  as  that  which  re- 
sults from  Dalton's  hypothesis  between  0  and  80%  cannot  pro- 
duce a  very  considerable  effect  on  a  liquid  which  dilates  ^o 
little  as  water ;  and  so  much  the  more  as  Mr.  Dalton  has  com- 
pensated in  part  the  excess  of  his  scale  of  true  temperatures  by 
the  excess  of  true  temperature  which  he  ascribes  to  the  maximum 
of  condensation.  But  the  error  may  become  greater  in  propor- 
tion as  we  apply  that  scale  to  other  liquids  of  which  the  expan- 

•  Phil.  Trans,  vol.  kxiii.  p.  303,  New  Abridgment,  voK  xv.  p.  4S0. 
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flion  is  comparatively  greater,  alcohol,  for  example,  and  this,  in 
fact,  has  occurred.     M.  Dalton  himself  has  acknowledged  that 
the  law  of  dilatation  deduced  from  his  hypothesis  does   not 
accord  with  the  thermometrical  observations  of  De  Luc,  espe* 
cialiy  at  high  temperatures.     Struck  with  tliis  dbcordance,  he 
has  been  led  to  throw  some  doubts  on  those  observations  them- 
selves :  '^  for,  (says  he)  as  the  dilatation  of  alcohol  from  62*  to 
80°  R.  must  have  been  conjectural,  it  may  be  that  De  Luc  has 
exaggerated  it."    But  the  observations  of  De  Luc,  and  of  many 
other  philosophers,  have  long  ago  shewn,  that  when  a  liquid  is 
included  in  a  vacuum,  it  may  support  without  boiling  tempera- 
tmres  much  superior  to  those  at  which  it  boils  under  the  pres^ 
aure  of  common  atmospheric  air;  and  Mr.  Dalton's  theory  of 
the  formation  of  vapours,  assigns  an  obvious  reason  for  this 
fact.    There  have  also  been  long  made  thermometers  of  alcohol, 
purged  of  air,  which  sustain  perfectly  the  temperature  of  boiling 
water.     It  appears  from  our  formulae  that  the  dilatation  of  aU 
cohol  between  these  extreme  limits,  so  far  from  being  irregular 
and  capricious,  continues  to  be  conformable  to  itself,  and  con- 
forms to  the  same  law  at  the  temperature  of  boiling  water,  ^nd 
at  10*|R  below  zero.    Only,  as  this  dilatation  is  not  proportional 
to  that  of  mercury,  it  is  manifest  that  its  absolute  value  is  not 
the  same  in  the  different  parts  of  the  thermometric  scale,  for  the 
same  number  of  degrees.     This  is  found  confirmed  in  the  most 
striking  manner,  by  means  of  an  observation  of  the  absolute 
dilatation  of  alcohol,  made  by  Mr.  Dalton  himself  in  a  gUss 
vessel,  between—  1 7*^.78 R.  and  +  62^.22  R.  comprehending  an 
interval  of  80*.    The  dilatation  in  thb  interval  ought  not  to  be 
the  same  as  from  0  to  80^.     Calculating  by  our  formula,  we 
find 

From  0  to  —  l7*78,  true  dilatation  .         —  0*0209325 

From  0  to  +  62*22,  true  dilaution         .  +  0*0919506 

Difference,  or  total  dilatation  between  —  17*78 
and +  62*22     .    .     .     ^t  •         •         •     +0*112889j 

From  which  deducting  the  dilatation  of  glass  .  • 

-80k 00026272 

We  have  the  apparent  dilatation  between  the. 
same  limits 0*1102619 

The  value  found  experimentally  by  Mr.  Dal- 
ton, is      ••••••        •  0*110 

Tlis  agrees  precisely  with  the  computation  so  far  as  the  deci- 
mals, in  the  experimented  number,  serve  for  the  comparison. 
This  confirmation  of  the  formica  is  so  much  the  more  satis- 
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factory,  as  tbetr  determioatmi  was  independent  of  iH  obMrra- 
tions  betow  zero. 

.Mr.  Dalton's  work  IScewise  contakie  a  confirmation  of  iIk 
value  attributed  by  Biot  to  the  absolute  dilatation  of  water  be- 
tween the  temperatures  of  O  and  80*  R.  For^  from  experiment 
be  assigns  it  at  0*0466,  precisely  the  same  as  has  been  inferred 
by  Biot  from  the  thermometrical  observations  of  De  Luc,  com- 
bined with  a  single  determination  of  the  specific  gravity  of, water 
at  the  temperature  of  :!iO''*22  by  Gilpin  and  Blagden. 

Mr.  Laplace,  whose  views  in  relation  to  physical  subjects 
are  always  as  ingenious  as  extensive  and  profound,  uodertook  to 
investigate  whetlier  it  were  or  were  not  possible  to  make  tke 
term  depending  on  the  cubes  of  the  temperatures  diaappeai^  by 
referring  all  the  dilatations  to  an  ideal  thermometer,  in  fuactsans 
of  which  even  that  of  mercnry  should  be  expressed  in  the  same 
naanoer  by  a  simple  law  of  the  squares,  reckoning  for  each  Hqnid 
from  a  cUfierent  point.  Bot  he  has  assured  M.  Biot  that  the 
requisite  accuracy  cannot  be  generally  acquired  in  this,  way,  at 
least  with  the  coefficients  he  has  deduced.  For  their  signs  as 
well  as  their  values  changed  for  the  different  liquids,  in  such 
manner  that  it  is  impossible  to  make  the  term  which  depends  on 
the  cabe  of  the  temperature  disappear  in  all  diese  liquids,  by 
a  single  supposition  for  the  dilation  of  mercury  in  functioas  of 
the  ideal  diermometer.  Perhaps,  more  exact  eaper'mieuts  than 
those  made  use  of  by  M.  Biot  may  sometime  lead  to  the  dia 
covery  of  a  more  sintple  law ;  but,  till  then,  the  formnhe  exhi* 
bited  in  this  paper  will  suffice  for  the  ordinary  pwposee  of  o^ 
servers. 

THRASHING  machines,  in  a  country  like  ours,  whero 
agriculture  has  been  so  successfully  cultivated,  can  hardly  be 
denied  to  be  of  great  utility :  for  which  reason,  although  these 
machines  are  not  yet  brought  to  such  a  state  of  perfection  as  is 
to  be  wisbed,  we  conceive  it  will  not  be  improper  to  give  an 
account  of  some  of  the  most  in^nious. 

The  first  thrashing-macUiue  which^has  come  to  our  know- 
ledge is  that  manufactured  in  1732  by  Mr.  Michael  Menzies  of 
Ecbnburgh;  it  consisted,  as  far  as  we  have  been  able  to  ascer- 
taisy  of  nwnerous  instruments,  resembUng  flails,  which  were 
attached  to  a  moveable  beam,  and  inclined  to  the  latter  in  an 
angle  often  degrees.  On  each  side  of  such  beam  were  placed 
floors,  or  benches,  on  which  the  sheaves  were  spread  ;  the  flaib 
being  moved  forward  and  backward  on  these  benches  by  a  crank 
that  was  fixed  to  the  end  of  an  axle,  revolving  about  thirty  times 
in  a  minnte. 

The  second  machine  was  invented  in  175S  by  Mr.  Michmd 
SterUngoiThmMmm,  Pertl^hire:  his  firH  modela  wen  ve«y 
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imperfect;  but^  after  repeated  alterationsi he  completed  it, in 
its  present .  fornix  in  1758 ;  and  it  now  consists  of  an  outer,  of 
water-wheely  having  an  inner  wheel,  furnished  widi  forty-e^t. 
cogs,  and  turning  on  the  same  axle.  With  this  cog*wheeTis 
connected  a  vertical  trundle,  or  pinion, with  seven  notches; 
and  the  axle  of  which  passes  through  a  floor  above  the  wheel; 
its  upper  pivot  being  secured  in  a  beam  six  inches  above  the 
floor.  At  the  height  of  three  feet  three  inches  from  the  latter, 
two  straight  pieces  of  squared  wood  (each  bein^  four  feet  in 
length)  are  inserted  through  the  axle  of  the  pmion,  at  ri^ht 
angles,  so  as  to  form  four  arms  that  are  moved  round  horizon* 
tally.  To  the  end  of  these  arms  are  aflixed  four  iron  plates, 
each  twenty  inches  in  length,  and  eight  inches  in  breadth  at  the 
extremity  nearest  to  the  arms,  but  tapering  to  a  p^t  at  the  op- 
posite ends. 

The  horizontal  fly,  here  described,  constitutes  four  thrashers, 
and  is  inclosed  in  a  cylindrical  wooden  box,  tha{  is  three  and  a 
half  feet  high,  and  eight  feet  m  diameter:  on  the  top  of  this 
box  is  an  opening  eigUt  inches  in  widdi,  extending  a  foot  and  a 
half  from  tne  circumference  to  its  centre,  and  through  which 
the  sheaves  of  com  descend ;  the  latter  being  prevbusly  opened, 
and  laid  separately  on  a  board  provided  with  two  ledges,  gra- 
dually declining  towards  such  port,  or  opening.    Within  the 
cylindrical  box  there  is  an  mclined  plane,  abng  which  the 
etraw  and  grain  fell  into  a  wire-riddle  two  feet  square,  that  b 
placed  immediately  beneath  a  hole  of  a  similar  size :  the  riddle 
IS  jerked  at  each  revolution  of  the  spindle,  by  means  of  a  knob 
fixed  on  its  side ;  and  is  thrust  backward  by  a  small  spring  that 
presses  it  in  a  contrary  direction.    Thus,  the  short  straw,  to- 
gether with  the  grain  and  chaff,  that  pass  through  Ae  wide 
riddle,  fall  instandy  into  an  oblong  straight  riddle,  one  end  of 
which  is  raised,  aind  the  other  dejuressed,  by  a  similar  con- 
trivance.   And,  as  the  riddle  last-mentioned  is  not  provided 
with  a  ledge  at  the  lower  end,  the  loi^  chaff,  which  cannot 
pass  throi^,  drops  thence  to  the  ground,  while  the  grain  and 
smaller  chaff  descend  into  a  pair  of  common  bam-fenners,  and 
are  thus  separated  vrith  great  exactness.    These  fenners  are 
moved  by  means  of  a  rope,  that  runs  in  a  shallow  groove  cut  on 
the  circumference  of  me  cog-wheel.    In  die  mean  time,  the 
straw  collected  in  the  lower  part  of  the  box  over  die  vride 
riddle,  and  through  an  opening  two  feet  and  a  half  square,  if 
drawn  down  to  the  ground  with  a  rake,  by  the  persons  ^n- 
ploved  to  form  it  into  trusses. 

Li  1772  anodier  thrashiu-machine  was  invented  by  Mr. 
JUertam  of  Alnwick,  and  Mr.  Simart  of  Wark,^  Northumber- 
knd.    The  operation  was  performed  by  rubbing :  the  sheaves 
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being  carried  round  between  an  indented  drum  six  feet  in  cHs* 
meter^  and  numerous  indented  rollers,  that  were  arranged  round, 
and  attached  to,  this  drunj  by  means  of  springs ;  so  that  daring: 
the  revolution  of  the  machinery,  the  corn  was  separated  from 
the  straw  by  constant  friction  against  the  flutings  of  the  drum. 
But  this  contrivance  was  soon  disused ;  as  many  grains  were 
thus  crushed  between  the  rollers. 

llie  next  invention  is  that  of  Mr.  Andrew  MeikUy  in  1785, 
who  obtained  a  patent,  which  is  now  expired ;  we  have  there- 
.  fore  given  a  plate  (X X XI V),  representing  in  fig.  1.  the  plan 
of  elevation;  in  fig.  2.  the  ground  plan;  and  in  fig.  3.  the 
essential  parts  of  the  machinery^  so  as  to  convey  a  tolerably  ac- 
curate idea  of  his  principle. 

A  (fig.  1.  and  2.)  is  a  large  horizontal  spur-wheel,  which  has 
276  cogs,  and  moves  the  pinion  b,  having  fourteen  teeth.  Tlie 
latter  imparts  motion  to  a  crown-wheel,  c,  that  is  provided  witL 
eighty-four  cogs,  and  moves  a  second  pinion,  d,  which  is  fur- 
nished with  sixteen  teeth.  This  pinion  d,  turns  the  drum  hikl 
(fig.  1.  2.^nd  S.),bemg  a  hollow  cylinder,  three  feet  and  a  half 
in  diameter,  and  placed  horizontally :  on  its  outside  are  fixed, 
by  means  of  screw-bolts,  four  scutchers,  or  pieces  of  wood,  oue 
side  of  which  is  faced  with  a  thin  iron  plate ;  and  which  arc 
disposed  at  an  equal  distance  from  each  other,  and  at  right 
angles  to  the  axis  of  the  drum. 

p  (fig.  2.  and  S.)  is  an  inclined  board,  on  which  the  sheaves 
are  spread,  and  whence  they  are  introduced  between  two  fluted 
cast-iron  rollers,  g,  g  (fig.  3.),  that  are  three  and  a  half  inches 
in  diameter,  and  revolve  about  thirty-five  tinies  in  one  minute. 
These  rollers  being  only  three-fourths  of  an  inch  from  the 
scutchers  or  leaves  of  the  drum  hikl  (fig.  1.  and  2.),  serve  to 
keep  the  sheaves  steady,  while  the  scutchers  a,  6,  e,  dy  (fig.  2. 
and  3.)  move  with  considerable  velocity,  and  thus  separate  the 
grain  from  the  straw,  while  both  are  thrown  on  the  concave 
rack  M  (fig.  2.),  which  lies  horizontally  with  slender  parallel 
ribs ;  so  that  the  com  may  pass  through  them  into  the  subjacent 
hopper  N  (fig.  I.  and  S.). 

o  (fig.  3.)  is  a  riddle  or  harp,  through  which  the  com  drops 
into  a  pair  of  fanners,  p  (fig.  1.  and  8.),  and  from  these  it  is 
generally  obtained  in  a  state  fit  for  the  market. 

QRTs  is  a  rake,  consisting  of  four  leaves,  or  thin  pieces  of 
wood;  at  the  extremi^  of  each  is  placed  a  row  of  teeth, 
^fff  gf  K  that  are  five  inches  long.  This  rake  moves  in  the 
concave  rack  m,  (fig.  2.),  in  a  circular  direction;  while  the 
teeth  catch  the  straw  that  had  been  thrown  by  the  scutchen 
<r,  6,  c,  d,  into  the  rack,  and  remove  it  to  the  contiguous 
place,  V. 
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w  (fig.  1 .)  represents  the  horse's  course,  which  is  twenty-seven 
feet  in  diameter. 

'  X  (fig.  1.  and  2.)  is  the  pillar  for  supporting  the  beams  on 
^vhich  the  axle  of  the  spur-wheel  is  fixed. 

Y,Y,Y  (fig.  1.),  and  Y,  Y  (fig.  2.)  shew  the  spindles,  the 
design  of  which  is  to  move  the  two  fluted  roller^,  the  rake,  and 
the  fanners. 

To  the  description  now  given  we  have  only  to  add,  that  the 
drum  has  a  covering  of  wood  at  a  small  distance  above  it,  for  the 
purpose  of  keeping  the  sheaves  close  to  the  scutchers. 

The  number  of  persons  requisite  for  attending  the  mill  when 
working  is  six :  one  person  drives  the  horses ;  a  second  hands 
the  sheaves  to  a  third  who  unties  them,  while  a  fourth  spreads 
them  on  the  inclined  boards,  and  presses  them  gently  between 
the  rollers :  a  fifth  person  is  necessary  to  riddle  the  corn  as  it 
falls  from  the  fanners,  and  a  sixth  to  remove  the  straw. 

This  machine  can  be  moved  equally  well  by  water,  wind,  or 
horses.  Mr.  Meikle  has  made  such  improvements  on  the  wind- 
mill as  to  render  it  much  more  manageable  and  convenient  than 
formerly ;  and  we  are  informed  many  wind-mills  are  now  erect- 
ing in  different  parts  of  the  country.  Ah  to  the  comparative  ex- 
pense of  these  different  machines,  the  erection  of  the  horse-ma- 
chine is  least ;  but  then  the  expense  of  employing  horses  must 
be  taken  into  consideration.  One  of  this  kind  may  be  erected 
for^O/.  A  water-mill  will  cost  10/.  more,  on  account  of  the 
expense  of  the  water-wheel.  A  wind-mill  will  cost  from  200/. 
to  300/.  sterling. 

In  thrashing-machines,  however,  cheapness  should  not  be 
the  only  consideration.  It  often  happens  in  machinery,  Uiat 
things  apparently  cheap  are  ultimately  very  dear.  Thrashing 
of  com  requires  a  strong  power,  which  neither  weak  men  nor 
slight  machines  are  competent  to.  On  this  account,  strong  and 
durable  machioea  are  to  be  recommended  as  cheapest  in  the 
end ;  performing  more  work,  in  a  better  manner,  and  not  need- 
ing frequent  repairs. 

Some  other  well-constructed  thrashing-machines  are  described 
in  Gray's  Experienced  Millwright,  Bailey's  Descriptions  of 
Machines  approved  by  the  Society  of  Arts,  in  the  Repertory  of 
Arts  and  Manufactures,  the  2d  vol.  of  Dr.  Brewster's  Fergu- 
son, and  the  1 1  th  vol.  of  the  Pantologia. 

With  respect  to  the  quantity  of  corn  which  a  machine  will 
thrash  in  a  given  time,  it  is  not  easy  to  give  any  precise  inform- 
ation; the  most  important  we  have  }et  met  with  is  given  by 
Mr.  Fenwick,  who  found  from  numerous  experiments  that  a 
power  capable  of  raising  a  weight  6f  ICOO  pounds  with  a  uni- 
form Velocity  of  fifteen  feet  per  minute,  will  thrash  two  bdJs 
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(eight  bushels)  of  wheat  in  an  hour ;  and  that  a  power  snfBoent 
to  raise  the  same  weight  with  a  velocity  of  twenty-two  fe^  per 
minute,  will  thrash  tibree  bolls  of  the  same  grain  in  an  hoor. 
From  these  facts,  this  gentlemen  has  computed  the  following 
table,  which  is  applicable  to  machines  that  are  driven  either  bj 
water  or  horses. 

Table  ofthepotx>er  of  thrashing-machines. 


Gallons  of 
water  per 
miDute,  ale- 
maasurey 
dischargted 
on  an  over- 
shot wheel 
10  feet  in 
diameter. 

Gallons  of 
water  per 
minute,  ale- 
measare* 
discharged 
on  an  orer- 
shot  wheel 
15  feet  in 
diameter. 

Gallons  of 
water  per 
minute,  ale- 
measure, 
discharged 
on  an  over- 
shot wheel 
20  feet  in 
diameter. 

Number 
of  horses 
working 
9)  hours. 

BdUof 
wheat 
thrashed 
in  an 
hour* 

Bolltthmib- 
ed  in  9i 
hoan  actuml 
•orUng,  or 
in  a  dmy. 

230 
390 
528 
660 
790^ 
970 

160 
296 
380 
470 
565 
680 

130 
205 
272 
S40 
400 
500 

1 
2 
3 
4 
5 
6 

'  2 
3 
5 
7 
9 

10 

19 

28J 
474 
664 
854 
9S 

1 

2 

3 

4^ 

6 

6 

The  first  four  columns  of  the  preceding  table  contain  dit 
ferent  quantities  of  impelling  power,  and  the  last  two  exhibit 
the  number  of  bolls  of  wheat  in  Winchester  measure^  which 
such  powers  are  capable  of  thrashing  m  an  hour,  or  in  a  day. 
Six  horses^  for  example^  are  capd^  of  thrashing  ten  boUs 
of  wheat'in  an  hour^  or  ninety-five  in  the  space  of  nine  hours 
and  a  half ,  or  a  worlr^g  day ;  and  680  gallons  of  water  dis- 
charged into  the  buckets  of  an  overshot  water-wheel  of  15  feet 
dtkmeter  during  a. minute^  will  tfararii  the  same  quantity  of 
grain. 

TIDE-MiLLS|  as  their  name  imports,  are  such  as  employ 
for  their  first  mover  the  flowing  and  ebbing  tide,  either  in  the 
sea  or  a  river. 

Mills  of  this  kind  have  not  ofteUi  we  believe,  been  erected  in 
England,  though  several  of  our  rivers,  and  particularly  the 
Thames,  the  Humber,  and  the  Severn,  in  which  the  tide  rises 
to  a  great  hei|^ht,  funush  a  very  nowerfid  mover  to  drivQ  any 
kind  of  machmery,  and  would  allow  of  tide-mills  being  very 
advantageously  constructed  upon  their  banks.    The  erection  c( 
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such  mills  is  not  to  be  reoomineiided  uniterBaUy^  m  they  are 
attended  with  a  considerable  original  expense;  besides  that 
eome  of  their  parts  will  require  frequent  repairs :  but  in 
some  places  where  coals  are  very  dear  tney  may,  on  the  whole, 
be  found  less  expensive  than  steam-engines  to  perform  die  same 
nvorky  and  may  on  that  account  be  preferred  even  to  them. 

We  have  not  been  able  to  ascertain  who  was  the  first  con- 
trive of  a  tide-mill  in  this  country,  nor  at  what  time  one  was 
first  erected.  The  French  have  not  been  so  negl^nt  respecting 
the  origin  of  this  important  invention  as  to  let  it  drop  into  ob* 
scurity ;  but  have  taken  care  to  inform  us  that  such  mills  were 
used  in  France  eariy  in  the  last  century.  Belidor  mentions  the 
name  of  the  inventor,  at  the  same  time  that  be  states  some  pe- 
culiar advantages  of  this  species  of  machine.  *'  L'on  en  at- 
tribue,''  says  he,  *'  la  premiere  invention  i  un  nomme  Fer$e, 
maltre  charpentier  de  Dunkerque,  qui  m£rite  assuriment  bean- 
coup  d'^loge,  n'y  ayant  point  de  gloire  plus  digne  d*un  bon 
citoyen,  que  celle  de  produire,  quelqu'  invention  utile  k  la  ao- 
d&t€,  £n  eifet,  combien  n'v  a-t'il  point  de  choses  essentielles 
ii  la  vie,  dont  on  ne  connott  le  prix  que  quand  on  en  est  privi : 
les  moulins  en  ^6n6ral  sont  dans  ce  cas-li.  On  doit  s^avoir  bon 
gri  k  ceux  qm  nous  ont  mis  en  6tat  d'en  construire  par-tout : 
par  exemple  k  Calais,  comme  il  n*y  serpente  point  de  rivieres, 
on  n'y  a  point  fait  jusqu'ici  de  moulins  k  eau,  &  ceux  qui  vont 
par  le  vent  ch6mant  un  partie  de  Tann^,  il  y  a  des  tems  oil  cette 
▼ille  se  trouve  sans  farine,  &  j'ai  vu  la  garnison  en  1730,  obliged 
de  faire  venir  du  pain  de  Samt-Omer,  au  lieu  qa'en  se  servant 
du  flux  &  reflux  de  la  mer,  on  pourroit  construire  autant  de 
moulins  k  eau  que  I'on  voudroit :  il  y  a  d'autres  villes  dans  le 
vobinage  de  la  mer  sujettes  au  m&me  inconvenient,  parce  qu' 
apparement  elles  ignorent  le  moyen  d'y  rem^dier." 

Mills  to  be  worked  by  the  rising  and  falling  of  the  tide  admit 
of  great  variety  in  the  essential  parts  of  their  construction;  but 
this  variety  may  perhaps  be  reduced  to  four  general  heads,  ac- 
cording to  the  manner  of  action  of  the  water-wheel.  1.  The 
water-wheel  may  turn  one  way  when  the  tide  rises,  and  the 
contrary  when  it  falb.  2.  The  water-wheel  may  be  made  to  turn 
always  in  one  direction,  d.  The  water-wheel  may  fall  and  rise 
as  the  tide  ebbs  and  flows.  4.  The  axle  of  the  water-wheel 
may  be  so  fixed  as  diat  it  shall  neither  rise  nor  fall,  diough  the 
rotatory  motion  shall  be  given  to  the  wheel,  while  at  one  time 
it  is  only  partly,  at  another  completely,  immersed  in  the  fluid. 
In  the  miUs  we  have  examined,  the  first  and  diird  of  these  di- 
visions iiave  been  usually  exemplified  in  one  machine ;  and  th.e 
second  and  fourth  may  readily  be  united  in  another  :  we  shall, 
therefore,  speak  of  them  under  two  divisions  only. 
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L  When  the  waler-wheel  rises  and  falls,  and  turns  one  wutf 
with  the  rising  tide,  and  the  contrary  when  it  ebbs.  In  order  io 
explain  the  nature  of  this  species  of  tide-mill^  we  shall  describe 
one  which  has  been  erected  on  the  right  bank  of  the  Thmmes 
at  East-Greenwich,  under  the  direction  of  Mr.  John^Llojdy  an 
ingenious  engineer,  of  BrewePsj-green,  Westminster. 

This  mill  is  intended  to  grind  com,  and  works  8  pairs  of 
stones.  The  side  of  the  mill-house  parallel  to  the  course  of  the 
river  measures  40  feet  within ;  and  as  the  whole  of  this  may  be 
opened  to  the  river  by  sluice-gates,  which  are  tarried  down  to 
the  low  water-mark  in  the  rivei^  there  is  a  forty-feet  water-waj 
to  the  mill :  through  this  water-way  die  water  passes  during  the 
rising  tide  into  a  large  reservoir,  which  occupies  about  4  acr» 
of  land :  and  beyond  thb  reservoir  is  a  smaller  one  in  which 
water  is  kept,  for  the  purpose  of  being  let  out  occasionally  at 
low  water  to  cleanse  the  whole  works  from  mud  and  sediment, 
which  would  otherwise  in  time  clog  the  machinery.  Hie 
water-wheel  has  its  axle  in  a  position  parallel  to  the  side  of  the 
river,  that  is,  parallel  to  the  sluice-gates  which  admit  water 
from  the  river :  the  length  of  this  wheel  is  26  feet,  its  diameter 
1 1  feet,  and  its  number  of  float-boards  32.  These  boards  do 
not  each  run  on  in  one  plane  from  one  end  of  the  wheel  to  the 
other,  but  the  whole  length  of  the  wheel  is  divided  into  four 
ei]ual  portions,  and  the  parts  of  the  floatrboards  belonging  to 
each  of  these  portions  fall  gradually  one  lower  than  another, 
each  by  one-fourth  of  the  distance  from  one  board  to  another, 
measuring  on  the  circumference  of  the  wheel.  This  contriv- 
ance, which  will  be  better  understood  by  referring  to  £g.  6. 
pl.  XXXV.  (shewing  a  part  of  the  wheel),  is  intended  to  equal- 
ize the  action  of  the  water  upon  the  wheel,  and  prevent  its 
moving  byjerks^  The  wheel,  vritb  its  incumbent  apparatus, 
weighs  about  20  tons,  the  whole  of  which  is  raised  by  the  im- 
pulse of  the  flowing  tide  when  admitted  through  the  sluice- 
gates. It  is  placed  in  the  middle  of  the  water-way,  leaving  a 
passage  on  each  side  of  about  6  feet  for  the  water  to  flow  into 
the  reservoir,  besides  that  which  in  its  motion  turns  the  wheel 
round.  Soon  after  the  tide  has  risen  to  the  highest  (which  at 
this  mill  is  often  20  feet  above  the  low  water-mark),  the  water 
is  permitted  to  run  back  again  from  the  reservoir  into  the  river, 
and  by  this  mef  ns  \i  gives  a  rotatory  motion  to  the  water-wheel, 
in  a  contrary  diiection  to  that  with  which  it  moved  when  im- 
pelled by  the  rising  tide :  the  contrivance  by  which  the  whed  is 
raised  and  depressed,  and  that  by  which  the  whole  interior  mo- 
tions of  the  mill  are  preserved  in  the  same  direction,  although 
that  in  which  the  water-wheel  moves  is  changed,  are  so  truly 
ingenious  as  to  deserve  a  distinct  description,  ifiustrated  by  di»« 
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grams.  Let,  then,  ab  (fig.  5.  pi.  XXXV.)  be  a  section  of  the 
water-wheel,  1,  2,  3,  4,  5,  &c.  iu  floats,  CD  the  first  cog- 
wheel upon  the  same  axis  as  the  water-wheel :  the  vertical  s^aft 
p  E  carries  the  two  equal  wallower-wheels  e  and  f,  which  are 
9o  situated  on  the  shaft  that  one  or  other  of  them  may,  as  oc- 
casion requires,  be  brought  to  be  driven  by  the  first  wheel  cd  ; 
and  thus  (by  what  has  been  said  under  the  article  Reversing 
t}f  motions)  the  first  wheel  acthig  upon  f  and  £  at  points  dia- 
metrically opposite,  will,  although  its  own  motion  is  reversed, 
communicate  the  rotatory  motion  to  die  vertical  shaft  always  in 
the  same  direction.  In  the  figurie  the  wheel  b  is  shewn  in  gear, 
while  F  is  clear  of  the  cog* wheel  cd;  and  at  the  turn  of  the 
tide  the  wheel  f  is  let  into  gear,  and  £  is  thrown  out :  this  is 
effected  by  the  lever  g,  whose  fulcrum  is  at  H,  the  other  end 
being  suspended  by  the  rack  k,  which  has  hold  of  the  pinion 
IL  on  the  same  axle  as  the  wheel  m  ;  into  this  wheel  plays  the 
pinion  n,  the  winch  o  on  the  other  end  of  whose  axle  fur- 
nishes sufficient  advantage  to  enable  a  man  to  elevate  or  de- 
i>ress  the  wallower-wheels,  as  required.  The  centre  of  the 
ever  may  be  shewn  more  clearly  by  fig.  6.  pi.  XXXV.  where 
ab  is  a  section  of  the  lever,  which  is  composed  of  two  strong 
bars  of  iron,  as  ab :  there  are  two  steel  studs  or  pins  which 
work  in  the  grooves  of  the  grooved  wheel  i,  this  wheel  being 
iixed  on  the  four  rods  surrounding  the  shaft,  of  which  three 
only  can  be  shewn  in  the  figures,  as  c,d,e\  the  ends  of  these 
are  screwed  fast  by  bolts  to  the  sockets  of  the  wallower-wheels, 
and  they  are  nicely  fitted  on  th^  vertical  shaft  so  as  to  slide  with 
little  friction :  thus  the  wallowers  may  be  raised  or  lowered 
upon  the  upright  shaft,  while  the  gudgeon  on  which  it  turns 
retains  the  same  position^  When  tibe  top  wallower  is  in  gear, 
it  rests  on  a  shoulder  that  prevents  it  from  going  too  far  down ; 
and  when  the  bottom  one  is  in  gear  there  is  a  bolt  that  ^oes 
through  the  top  wheel  socket  and  shaft,  which  takes  the  weight 
from  the  lever  o,  at  the  same  time  that  it  prevents  much  fric- 
tion on  the  studs  or  pins  of  the  lever  which  works  in  the 
grooved  wh^l  i. 

When  the  tide  is  flowing,  after  the  mill  has  stopped  a  suffi- 
cient time  to  gain  a  moderate  head  of  water,  the  fluid  is  suffered 
to  enter  and  fall  upon  the  wheel  at  the  sluice  q  (fig.  5.),  and 
the  tail-water  to  run  out  at  the  sluice  a.  The  hydrostatic 
pressure  of  the  head  of  water  acting  against  the  bottom  of  the 
wheel-frame  s,  and  at  the  same  time  acting  between  the  fold- 
ing-gates TW,  which  are  thus  converted  into  a  very  large  hydro- 
static bellows,  buoys  up  the  wheel  and  frame  (though  Meigh- 
ing,  as  before  observed,  nearly  20  tons),  and  makes  them  gra- 
xlually  to  rise  higher  and  higher,  so  that  the  wheel  is  nevtr^  as 
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the  workmen  express  it,  drormed  in  the  flowing  water ;  nor 
can  the  water  escape  under  die  wheel-frame,  bemg  prevortad 
by  the  foldii^-gates,  which  pass  from  one  end  to  Sie  other  of 
the  wheel,  in  this  way  the  wheel  and  frame  are  buoyed  up  by 
a  head  of  4  feet ;  and  the  mill  works  with  a  head  of  5  or  5| 
feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reso^oir 
mnning  back  again  into  the  river,  it  might  peihaps  be  expected 
that  in  consequence  of  the  gradual  subsiding  of  the  water  die 
water-wheel  should  as  gradually  lower :  but  lest  any  of  the 
water  confined  between  the  wheel-frame  at  s  and  the  folding- 
gates  TW  should  prevent  this,  there  are  strong  rackworks  of 
cast-iron,  by  which  the  wheel-frame  can  be  either  suspended  at 
any  altitude  or  gradually  let  down  so  as  to  give  the  water  re- 
turning from  the  reservoir  an  advantageous  head  upon  (he 
wheel :  then  the  sluice  r  is  shut,  and  v  opened  as  well  as  z, 
the  water  entering  at  x  to  act  upon  |he  wheel,  and  flowing  out 
at  R.  The  upper  surface  of  the  wheel-frame  is  quadraiigidar, 
and  at  each  angle  is  a  strong  cast-iron  bar,  which  slides  up  ]|nd 
down  in  a  proper  groove,  that  admits  of  the  vertical  motion, 
but  prevents  all  such  lateral  deviation  as  might  be  occasioned  by 
the  impulsion  of  the  stream. 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft,  with 
vrallowers  and  a  first  cog-wheel,  as  f,  e,  and  CD ;  and  eadi  of 
these  vertical  shafts  turns  a  large  horizontal  wheel  at  a  suitable 
distance  above  the  wallowers,  while  each  horizontal  wheel 
,  drives  4  equal  pinions  placed  at  equal  or  quadrantal  distances 
on  its  periphery,  each  pinion  haviog  a  vertical  spkidle,  on  the 
upper  part  of  which  the  upper  millstone  of  its  respective  pair  is 
fixed.  Other  wheels  driven  by  one  or  other  of  these  pioions 
giving  motion'  to  the  bolting  and  dressing  machines,  and  differ- 
ent subordinate  parts  of  the  mill. 

Although  th^  vertical  shaft  at  each  end  of  the  water-whed 
rises  and  falls  with  that  wheel,  yet  the  large  horizontal  wheel 
tummg  with  such  shaft  does  not  likewise  rise  and  frill,  but  re> 
mains  always  in  the  same  horizontal  plane,  and  in  contact 
with  the  four  pinions  it  drives.  The  contrivance  for  this  pus- 
pose  is  very  simple,  but  very  efficacious :  each  great  horizontal 
wheel  has  a  nave,  which  runs  upon  friction^rollers,  and  has  a 
square  apertiu^  passing  through  it  vertically,  iust  largje  enough 
to  allow  the  shaft  p  to  slide  freely  up  and  down  in  it,  but  not 
to  turn  round  without  communicating  its  rotatory  motion  to 
the  wheel:  thus  the  weight  of  the  wheel  causes  it  to  pre» 
upon  the  friction-rollers,  and  retain  the  same  horizontal  planes, 
and  the  actiuD  of  the  angles  of  die  vertical  shaft  upon  the  cor- 
responding parts  of  the  square  oritfce  in  the  nave^  causes  it  to 
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partake  ef  the  rotatory  motion,  soch  motion  being  always  in 
oae  direction  in  consequence  of  the  contrivance  by  which  one 
'  or  other  of  the  wallowers  ei^  is  brought  into  contact  with  the 
opposite  points  of  the  first  cog*wheel  cd. 

Several  of  the  subordinate  parts  of  this  mill  are  admirably 
constructed ;  but  we  can  only  notice  here  the  means  by  which 
the  direction  of  the  motion  in  the  dressing  and  bolting  machines 
may  be  varied  at  pleasure.  On  a  vertical  shaft  are  fixed,  at  the 
dbtance  of  about  15  or  18  inches,  two  equal  cog-wheels,  and  an- 
other toothed  wheel  attached  to  a  horizontal  axle  is  made  so  as  to 
be  moveable  up  and  down  by  a  screw,  and  thus  brought  into 
contact  with  either  the  upper  or  lower  of  the  two  cog-wheels 
on  the  vertical  shaft;  thus,  it  is  manifest  the  motion  is  reversed 
"withgreat  facility  by  chapging  the  position  of  the  horizontal  axle 
so  that  the  wheel  upon  it  may  be  driven  by  the  two  cog-wheeb 
alternately.  A  wheel  and  pinion  working  at  the  other  end  of 
the  horizontal  axle  will  communicate  the  motion  to  the  dressing- 
machines. 

Mr.  W,  Dryden^  Mr.  Lloyd's  foreman,  employed  in  the 
erection  of  this  mill,  suggests  that  a  nearly  similar  mode  may 
be  advantageously  adopted  in  working  the  dressing-machines  in 
wind-mills:  three  wheels,  ail  of  different  diameters,  may  be 
employed,  two  of  them,  as  a  and  c,  turning  upon  a  vertical  shaft, 
and  the  third,  b,  upon  an  inclined  one.  In  fig.  10.  pi.  XXXV. 
|he  wheels  a  and  b  are  shewn  in  gear,  while  c  is  out:  and  if  A 
be  struck  out  by  some  such  contrivance  as  is  adopted  with 
regard  to  the  first  cog<twheel  and  wallowers  (fig.  5. 6.),  c  would 
come  in  contact  with  b,  while  a  would  be  free,  and  so  conunu- 
aicate  a  motion  to  b  the  reverse  way.  Hy  thb  contrivance  it 
would  be  easy,  when  the  winds  are  strong  and  give  a  rapid 
motion  to  the  vertical  axle,  to  bring  c  to  drive  B  the  wheel  on 
the  axle  of  the  dressing-machines ;  and  on  the  contrary,  when 
the  wind  was  slack,  and  the  consequent  motion  of  the  machi- 
nery slow,  let  c  be  thrown  out  of  gear  and  the  wheel  b  driven 
by  the  larger  wheel  a,  as  shewn  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well-con- 
structed mill  a  contrivance  recommended  and  pursued  by  the 
American  millwrights,  for  raising  the  ground  corn  to  the 
coolinff-boxes  or  beaches  from  which  it  is  to  be  conveyed  into 
the  bolting-machine.  In  this  mill,  as  in  all  we  have  seen,  the 
com  is  put  into  bags  at  the  troughs  below  the  mill-stones,  and 
thoice  raised  to  the  top  of  the  mill-house  by  a  rope,  folding 
upoo  barreb  turned  by  some  of  the  interior  machinery  of  the 
null.  In  the  American  method  a  large  screw  is  placed  hori- 
zontally m  the  trough  which  receives  the  flour  from  the  miU- 
"stones.    The  thread  or  spiral  line  of  the  screw  is  composed  of 
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pieces  of  wood  about  two  inches  broad  and  three  long^  fixecf 
into  a  wooden  cylinder  seven  or  eight  feet  in  length,  iivhic^ 
forms  the  axifli  of  the  acrew.     When  the  screw  is  turned  ronod 
this  axis,  it  forces  the  meal  from  one  end  of  the  trough  to  die 
other,  where  it  falls  into  another  trough,  from  which  it  is  raised 
to  the  top  of  the  mill- house  by  means  of  elevators,  a  piece  oi 
machinery  similar  to  the  chain-pump.    These  elevators  consist 
of  a  chain  of  buckets  or  concave  vessels  like  large  tea-caps, 
lixed  at  proper  distances  upon  a  leatliem  band,  which  goes 
round  two  wheels,  one  ef  which  is  placed  at  the  top  of  the 
mill-house,  and  the  other  at  the  bottom,  in  the  meat-trotigh. 
When  ttie  wheels  are  put  in  motion,  the  band  revolves,  and  tlie 
buckets,  dipping  into  the  meal-trough,  convey  the  flour  to  the 
npper  story,  where  they  discharge  Aeis  contents.  The  band  of 
buckets  is  inclosed  in  two  square  boxes,  in  order  to  keep  them 
clean,  and  preserve  them  from  injury. 
But  it  is  time  to  direct  our  attention, 

2.  To  tide-mills  in  which  the  axle  of  the  water-wheel  neither 
rises  nor  falls,  and  in  which  that  wheel  is  made  always  to  rr- 
volte  in  the  same  direction. 

A  water-wheel  of  this  kind  must  manifestly  at  the  time  of 
high-tide  be  almost  if  not  entirely  immersed  in  the  fluid:  and 
to  construct  a  wheel  to  work  under  such  circumstances  is, 
obviously,  a  Aiatter  which  requires  no  small  skill  and  ingenuity. 
The  first  persons  who  devised  a  wheel  which  might  be  turned 
by  the  tide,  when  completely  immersed  in  it,  were  Messrs. 
Gosset  and  d^  la  Deuille.    Their  wheel  is  described  by  Belidor 
in  nearly  the  following  terms :  Suppose  gh  (fig.  I2.pl.  XXXV.) 
to  denote  the  surface  of  the  water  at  high-tide,  the  line  lm  the 
surface  at  low  water,  and  that  the  current  follows  the  direction 
of  the  arrow  n  ;  the  problem  is  to  construct  die  wheel  soch 
that  it  may  always  turn  upon  its  axis  iK.    The  figure  just 
referred  to  is  a  profile  of  an  assemblage  of  carpentry  which 
must  l^e  repeated  several  times  along  the  arbor,  according  to 
the  length  which  it  is  proposed  to  give  to  the  float-boards;  and 
the  planks  or  plates  which  compose  these  floats  must  be  hung 
to  the  other  parts  of  the  frame  ^y  as  many  joints  as  are  neces- 
sary to  enable  them  to  sustain  the  impulse  of  the  water  without 
bending.     The  sole  peculiarity  of  this  wheel  consists  in  hang* 
it)g  upon  the  transverse  beams  in  the  frarae^work,  by  hinges, 
the  planks  which  are  to  compose  the  float-boards ;  so  that  they 
may  present  themselves  in  face,  as,  D,  d,  d,  when  diey  are  at 
the  bottom  of  the  wheel,  to  receive  the  full  stroke  of  the 
stream ;  and,  on  the  contrary,  they  present  only  their  edges,  as 
^V^*/'i^'  ^'^^w  they  are  brought  towards  Uie  summit  of  the 
wheel :  hence,  the  water  having  a  f^r  greater  eflect  upon  di« 
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lower  than  the  upper  parts  of  the  wheel*  compels  it  to  revolve 
in  the  order  of  the  letters;  instead  of  which,  if  the  float-boards 
were  fixed,  as  in  the  usual  way,  the  impulse  of  the  fluid  upon 
the  wheel  would  be  nearly  the  samk  in  all  its  parts,  and  it  would 
remain  immoveable. 

We  see,  at  oiKe,  that  the  bourds  d,  d,  d,  having  moved  to- 
wards M,  then  b^in  to  float,  as  at  e,  e,  e,  and  more  still  at  f,  f,f, 
but  that  it  is  not  till  they  arrive  at  a,  a,  a,  that  they  attain  the 
horizontal  position;  after  that,  having  arrived  at  b,  b,  b,  they 
begin  to  drop  towards  the  beams  to  which  they  are  hooked,  and 
as  soon  as  they  have  passed  the  level  of  the  axle  ik,  the  stream 
commences  its  full  action  upon  them,  which  it  attains  com- 
pletely between  c,  c,  c,  and  £,  e,  e,  and  this  whether  the  surface 
of  the  water  be  at  oH  or  at  lm  ;  for  even  in  the  latter  case  it  is 
manifest  that  the  float-boards  are  entirely  immersed  when  in  the 
vertical  position  Pa.  Belidor  says  he  was  present  at  the  first 
trial  of  such  a  wheel  at  Paris,  and  that  it  was  attended  with  all 
the  success  that  could  be  desired. 

A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
which  will  work  when  nearly  immersed  in  the  water  of  a  flowing 
tide.  Fig.  4.  pi.  XXXV.  is  an  elevation  of  this  wheel,  its 
upper  parts  being  supposed  to  stand  a  foot  or  two  h^her  than 
the  tide  ever  rises :  the  axis  of  this  wheel  remains  always  in  one 
place,  and  the  wheel  will  work  at  high  water  when  the  head  is 
at  b  and  the  tail-water  at  the  dotted  Tine  a;  it  will  also  perform 
nearly  the  same  work  when  the  head  is  at  c,  and  the  tail-water 
level  with  the  bottom  of  the  wheel.  The  floats  are  all  set  at 
one  and  the  same  angle  with  the  respective  radii  of  the  wheel, 
as  may  be  seen  in  the  figure,  and  are  made  so  as  to  have  an 
opening  of  at  least  an  mch  between  each  float  and  the  drum* 
boarding  of  the  wheel.  This  opening  is  intended  to  prevent 
the  wheel  from  being  impeded  by  the  tailrwater;  for  as  the 
bucket  rises  out  of  the  water  there  can  be  no  vacuum  formed 
in  it,  there  being  a  full  supply  of  air,  in  consequence  of  which 
the  water  leaves  the  wheel  deliberately.  The  case  is  different 
with  regard  to  wheels  made  in  the  common  way :  for  if  such 
are  open  wheels,  the  floats  are  made  in  such  a  manner  as  to 
throw  the  tail- water  if  they  are  immersed  any  depth  in  it ;  or, 
if  they  are  close,  the  wheel  wants  proper  vent  for  the  air  to 
prevent  the  formation  of  a  vacuum  in  the  rising  bucket,  or  what 
is  called  by  the  miller  ''  sucking  up  the  tail-water."  At  d  is 
planking  made,  circular  to  fit  the  wheel  pretty  close  for  rather 
more  than  the  space  of  two  floats,  so  as  to  confine  the  water 
nearly  close  to  the  wheel.  £,  f,  0,  u,  are  sluices  which  are 
all  connected  together  by  the  iron  bar  i,  and  lifted  with  fhe 
jissistance  of  a  wheel,  two  pinions,  and  a  winch,  the  first  pinioii 
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working  into  the  rack  k  :  these  sluices  are  merely  for  stopping 
die  wheel  when  occanon  requires,  although  one  might  be  miU 
ficient  to  supply  the  wheels  The  rings  of  this  wheel  maj  be 
made  either  of  castriron  or  of  wood;  the  floats  may  be  iroo 
plates  rivetted  together.  The  flanches  on  the  arms  of  die  wked 
exhibited  in  the  sketch  are  intended  to  facilitate  the  fixing  of  the 
first  cog-wheel:  the  ring  of  the  wheel  may  be  fixed  to  the 
,  flanches  at  the  extremity  of  the  arms,  and  the  large  flanch  made 
fast  to  the  axle  will  receive  the  middle  part  of  die  wheeh 

Fig.  4.  pi.  XXXVII.  is  a  plan  of  Ae  house  in  which  either 
of  the  two  latter  wheels  may  be  fixed^  showing  in  what  manner 
die  water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  A  b,  c,  and  d.  When  the  mill  is 
working  from  the  river,  a  and  b  are  open^  the  arrows  point  out 
the  way  the  water  runs  from  the  river  to  the  basin;  and  the 
dotted  lines  on  the  contrary  the  course  from  the  basin  to  the 
river,  when  a,  b,  are  shot,  and  c,  d,  opened.  These  gates  are 
made  to  turn  on  an  axle^  which  is  about  six  inches  from  the 
middle  of  the  gaie :  and  on  the  top  of  the  axle  is  a  half- wheel : 
by  some  crane-work  connected  to  it,  the  gate  can  be  opened  or 
Aut  at  pleasure :  when  a  head  of  water  passes  against  the  galey 
they  win  open  great  part  of  the  way  of  themselves,  by  only  let- 
ting the  catches  that  keep  them  shut  be  lifted  out  of  their  place. 
X,  Y,  are  two  knees  of  cast-iron,  to  support  the  posts  that  the 
gates  are  fixed  to.  The  walls  of  the  building  are  represented 
at  a,  by  Cf  and  d. 

The  reader  wUl  now  be  able  to  form  an  estimate  of  the 
comparative  value  and  ingenuity  of  the  two  kinds  of  tide-mills 
here  described.  The  simplicity  of  construction  of  the  wheds 
of  Gosset,  de  la  Deuille,  and  Dryden,  recommended  them 
jtron^y ;  but  we  entertain  some  doubts  of  their  being  com- 
pletely successful  in  practice :  had  the  curious  wheel  with  the 
folding-gates,  Sec.  figs.  5.  6.  pi.  XXXV.  been  placed  widi 
its  axle  perpendicular  instead  of  parallel  to  the  course  of  the 
river,  the  waiter  might  then  have  always  been  admitted  to  act 
upon  the  same  side  of  it,  and  the  hydrostatic  pressure  would 
have  operated  as  completely  in  lowering  it  condnually  during 
the  Ume  of  ebb,  as  in  raising  it  continually  during  the  ris'mgt? 
die  tide:  thus,  as  appears  to  us,  would  the  labour  of  a  man  be 
aaved,  who  according  to  the  present  construcUon  must  attend 
the  water-wheel;  and  all  the  addidonal  apparatus  now  requisite 
to  shift  the  spur-wheels  would  at  the  same  time  be  saved,  and  t 
consequent  diminution  of  original  expence* 

We  shall  annex  to  this  article  a  descriptioB  of  an  improve- 
ment on  dde-mUls,  to  make  them  work  as  well  at  high  and  low 
water  as  any  other  time  of  dde,  by  Mr.  John  Isaac  Uawkias. 
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Mr.  Hawkins's  improvement  consbts  in  bating  a  reservoir  to 
be  filled  by  the  tide  at  high  water,  through  a  canal  Aimiahed 
widi  a  valve^sluice,  so  as  to  let  the  water  pass  into  die  reservoir, 
but  not  to  go  back  again  the  same  way.  The  content  of  this 
reservoir  or  upper  pond  is  to  be  conveyed  by  the  usual  means 
over  or  under  a  water-wheel,  and  then  received  by  another 
reservoir  or  lower  pond,  where  it  is  retained  till  the  time  of 
low  water,  whe&  it  opens  another  valve-sluice,  and  discharges 
itself  into  the  river  or  sea,  from  whence  it  was  received.  Upon 
this  principle,  a  constant  fall  of  water  from  the  upper  into  the 
lower  pond  is  obtained  by  means  of  the  rising  and  falling  of  the 
tide,  and  that  without  requiring  any  person  to  attend  it ;  for, 
whenever  the  water  is  higher  in  the  river  or  sea  than  in  th^ 
upper  pond,  it  will  open  tlie  sluice  and  fill  the  pond;  and 
whenever  it  is  lower  in  the  river  or  sea  than  in  the  lower  pond, 
the  weight  of  water  in  the  latter  will  open  the  lower  sluice. 

To  adopt  this  plan  in  places  where  the  general  level  of  die 
land  is  about  half  way  between  high  and  low  water,  nothing 
more  would  be  necessary  than  to  dig  out  the  lower  pond,  and 
with  the  same  earth  make  an  embankment,  which  will  form  die 
upper. 

The  same  jmnciple  may  be  applied  to  those  tide-mills  alreadjr 
in  use,  diat  work  forwards  and  backwards.  Let  two  small' 
ponds,  an  upper  and  a  lower,  be  dug,  each  capable  of  holding 
water  enough  to  turn  the  mill  about  two  hours:  these  may  be 
called  auximry  ponds,  and  the  original  one  the  main  pond.  Let 
there  be  two  channels  for  the  water  to  go  into  the  main  pond, 
one  under  the  water-wheel,  and  the  other  merely  to  fill  the 
pond;  and  let  there  be  a  communication  from  the  water* 
wheel  channel  to  each  of  the  auxiliary  ponds,  as  well  as  from 
these  to  the  river  or  sea.  Then  may  the  modon  of  the  water- 
wheel  be  always  kept  up  with  due4brce :  for,  during  the  rising 
of  the  tide,  and  untu  within  an  hour  of  high  water,  the  current 
would  be  under  the  water-wheel  and  into  the  main  pond  as 
usual ;  but  the  force  of  the  dde  then  slackening,  the  communis 
cadon  between  the  water-wheel  channel  and  the  main  pond 
must  be  shut,  and  the  current,  after  passing  the  wheel,  must  be 
turned  into  the  lower  auxiliary;  at  the  same  time  the  dde  must 
be  admitted  into  the  main  pond  through  the  other  channel,  and 
the  upper  auxiliary  likewise  filled.  By  the  dme  the  lower  pond 
is  /till  the  tide  will  be  running  down  strong  enough  to  admit  of 
the  wheel  being  turned  backwards,  in  the  ordinary  way,  by  the 
contents  of  the  main  pond  passing  back  through  the  water- 
wheel  channel.  Tins  will  continue  until  about  an  hour  before 
low-water,  when  the  contents  of  the  upper  auxiliary  pond  must 
be  carried  under  the  wheel,  and  then  dbcharged  into  the  river 
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or  sea,  and  the  main  and  lower  auxiliary  ponds  allowed  to 
empty  themselves. 

We  willingly  give  place  to  this  improvement  in  the  forma- 
tion of  reservoirs  for  tide-mills,  because,  notwithstanding  the 
great  utility  and  advantage  of  this  kind  of  machinery,  but  little 
has  been  published  relative  to  it  in  this  country.  {Retrospect^ 
No.  15.) 

,  TURNING,  the  art  of  forming  hard  bodies,  as  wood,  ivory, 
iron,  into  a  round  or  oval  shape  by  means  of  a  machine  called 
a  lathe.  This  art  was  well  known  to  the  ancients,  and  seems 
to  have  been  carried  by  them  to  a  very  great  degree  of  per- 
fection; at  least,  if  we  believe  the  testimony  of  Plinj  and 
several  other  authors,  who  tell  us,  that  those  precious  rases  en- 
riched with  figures  in  half-relief,  which  still  adorn  our  cabinets, 
were  turned  on  the  lathe. 

.  The  art  of  turning  is  of  considerable  importance,  as  it  con- ' 
tributes  essentially  to  the  perfection  of  several  other  arts.  The 
architect  uses  it  for  many  ornaments  both  within  and  without 
highly-finished  houses.  The  mathematician,  the  astronomer, 
and  the  natural  philosopher,  have  recourse  to  it,  not  only  to 
embellish  their  instruments,  but  also  to  give  them  the  necessary 
dimension  and  precision :  and  it  is  an  art  absolutely  necessary  to 
the  goldsmith,  the  watchmaker,  the  joiner,  and  the  smith. 

Turning  is  performed  by  the  lathe,  of  which  there  are  various 
kinds,  and  several  instruments,  as  gouges,  chisels,  drills,  formers, 
screw-tails,  used  for  cutting  what  is  to  be  turned  into  its  proper 
form  as  the  lathe  turns  round.  The  mo.st  simple  kind  of  latfae 
is  a  well-known  instrument,  and  need  not  be  described  here: 
the  improved  lathes  manufactured  by  Mr.  Henry  Maudslaj/f  of 
Margaret^street,  Cavendish-square,  are  the  most  curious  as 
well  as  the  most  useful  of  any  we  have  seen.  Mr.  J.  Farey, 
jun.  who  took  the  drawings  of  these  elegant  specimens  of 
mechanical  ingenuity,  has  accompanied  them  with  a  descrip- 
tion, nearly  as  below,  a  (pi.  XXXVI.  fig.  1.)  is  the  great 
wheel,  with  four  grooves  on  die  rim :  it  is  worked  by  a  crank  b 
and  treadle  c,in  the  common  way;  the  catgut  which  goes  round 
this  wheel  passes  also  round  a  smaller  wheel  D,  called  the 
viatidrel,  which  has  four  grooves  on  its  circumference  of 
different  diameters  for  giving  it  different  velocities,  correspond- 
ing with  the  four  grooves  on  the  great  wheel  a.  In  order  to 
make  the  same  band  suit,  when  applied  to  all  the  different 
grooves  on  the  mandrel  d,  the  wheel  a  can  be  elevated  or  depress- 
ed by  a  screw  a,  and  another  at  the  other  end  of  the  axle ;  and 
the  conneqting-rod  c  can  be  lengthened  or  shortened  by  screw- 
ing the  hooks  at  each  end  of  it  further  out  of,  or  into  it.  The  end 
M,  fig.  2.,  of  the  spindle  of  the  mandrel  n,  is  pointed,  and  works 
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in  a  hole  in  the  end  of  a  screw,  put  through  the  standard  s, 
fig  1 . ;  the  other  end  of  the  bearin^r  -p,  fig.  2.  is  conical,  and 
vrorks  in  a  conical  socket  in  the  standard  f,  fig.  1 .  so  that  by 
tightening  up  the  screw  in  e,  the  conical  end  f  may  at  any  time 
be  made  to  fit  its  socket :  the  puppet  g  has  a  cylindric  hole 
through  its  top  to  receive  the  polished  pointed  rod  d^  which 
is  moved  by  the  screw  e^  and  fixed  by  the  screw  f;  the  whole 
puppet  is  fixed  on  the  triangular  prismatic  bar  h,  by  a  clamp 
fig.  8.,  the  two  ends  of  which,  a,  b,  are  put  through  holes,  ^, 
in  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  is 
fixed  by  the  screw  c  pressing  against  it :  by  this  means,  the 
puppet  can  be  taken  off  the  bar  without  first  taking  off  the 
standard  i,  as  in  the  common  lathes :  and  the  triangular  bar  is 
found  to  be  farpreferable  to  the  double  rectangular  one  in 
common  use.    The  rest  j  is  a  similar  contrivance ;  it  is  in  three 
pieces;  see  figs.  3.  4.  and  5.     Fig.  4*  is  a  piece,  the  opening 
{a,  b,  c,)  in  which  is  laid  upon  the  bar  h,  fig.  1.;  the  four  legs 
dddd  of  fig.  ,5.  are  then  put  up  under  the  bar  (into  the  recesses 
in  fig.  4.  which  are  made  to  receive  them)  so  that  the  notches  in 
dddd  may  be  level  with  the  top  of  fi^.  4.,  the  two  beads  ef  in 
fig.  3.  are  then  slid  into  the  notches  m  the  top  of  dddd,  fig.  4. 
to  keep  the  whole  together ;  the  groove  i  is  to  receive  a  corre- 
sponding piece  on  ej)  fig.  3.,  to  steady  it ;  the  whole  of  fig.  3. 
has  a  metallic  cover^  to  keep  the  chips  out  of  the  grooves.    It  is 
plain,  that  by  tightening  the  scre^  h  in  the  bottom  of  fig.  4. 
the  whole  will  be  fixed  and  prevented  from  sliding  along  the 
bar  H,  and  fig.  3.  from  sliding  in  a  direction  perpendicular  to 
the  bar;  the  piece  I,  fig.  3.,  on  which  the  tool  is  laid,  can  be 
raised  or  lowered  at  pleasure,  and  fixed  by  the  screw  m.     On 
the  end  n  of  the  spindle  p,  figs.  1 .  and  2.,  is  screwed  occasion- 
ally an  univeraal  chuck  for  holding  any  kind  of  work  which  is 
to  be  turned  (see  fig.  6.).    A  is  the  female  screw  to  receive  the 
screw  ft,  fig,  I.;  near  the  bottom  of  the  screw  a  is  another 
screw  BB,  which  is  prevented  from  moving  endways  by  a  collar 
in  the  middle  of  it  fixed  to  the  scriew  a  :  one  end  of  the  screw 
BB  is  cut  right  handed,  aud  the  other  left  handed;  so  that  by 
turning  the  screw*  one  way,  the  two  nuts  ef  will  recede  from 
each  odier,  or  by  turning  it  the  contrary  way,  they  will  ad- 
vance towards  each  other:  the  two  nuts  ef  pass  through  an 
opening  in  the  plate  c,  and  project  beyond  the  same,  carrying 
jaws  like  those  of  a  vice,  by  which  the  subject  to  be  turned  is 
held. 

For  turning  faces  of  wheels,  hollow  work,  &c.  where  great 
accuracy  is  wanted,  Mr.  Maudslay  has  contrived  a  curious 
apparatus  which  he  calls  a  slide-tool,  represented  by  fig*  ^^9 
where  bee  is  the  opening  to  receive  the  bar  h,  fig.  l.,^and  it  is 
fixed  by  the  clamp,  fig,  JJ.  as  before  described:  the  tool  for 


Digitized  by 


Google 


512  MACHINES, 

cattiDg,  &c.  is  fixed  in  the  two  hoidere  bb  by  their  screws; 
these  holders  are  fastened  to  a  sliding-plate  a,  which  can  be 
moved  backwards  and  forwards  by  the  screw  c,  causing  the 
tool  to  advance  or  recede ;  fig.  9.  represents  the  under  sidt 
(turned  upward)  of  the  part  aa,  in  which  the  screw  c  is  seee 
fixed  at  each  end,  and  the  nut  d^  which  is  attached  to  the  under- 
side of  the  plate  a,  working  upon  it.     When  it  is  necessary,  as 
in  the  turning  of  the  inside  of  the  cones/Scc.  that  the  tool  shotild 
not  be  parallel  to  the  spindle  p,  the  screw  e  and  another  sinular 
one  behind  must  be  loosened,  the  tool  set  at  the  proper  angle, 
and  then  be  screwed  ti^ht  again.    In  order  to  make  the  piece 
A  A  move  truly  when  it  is  turned  round,  there  is  a  hole^^  fig.  9. 
to  receive  a  knob  ^,  fig.  14.,  upon  the  plate  B,  which  acts  as  a 
centre,  and  keeps  it  in  its  place  :  there  are  three  holes  on  each 
side  in  the  plate  b,  fig.  12.,  to  put  the  screw  e  in  at  different 
times,  thus  giving  to  the  tool  a  greater  range  than  the  circular 
openings  ss  will  admit  The  part  eeeb,  represented  separately, 
and  inverted  in  fig.  10.  is  of  cast  iron,  and  has  a  screw  h  work* 
ing  in  it  similar  to  fig.  9. ;  the  nut  of  thb  screw  is  attached  Is 
tfie  bottom  of  the  slide  H,  fig.  1 1 .,  at  ^,  which  slides  in  the  groove 
f,  figs.  7.  and  10.;  at  one  end  of  it  is  a  box  containiug  a  screw  si, 
to  be  hereafter  described,  and  at  die  other  is  a  frame  of  brass  kk. 
Near  the  same  end  of  the  slide  is  a  pin  l,  projecting  above  the 
plate,  which  is  put  through  an  opening,  j  in  fig.  12.,  to  steady  % 
while  the  other  end,  c  of  fig.  12.,  is  put  through  an  opening  x 
in  the  box  d,  fig.  11.    In  the  part  c  is  an  oblique  slit  //  to  receive 
a  stub  which  projects  from  the  botton^  of  the  nut  n^  worked  by 
the  screw  m,  fig.  11.:  by  this  arrangement  it  is  obvious  that  if 
the  screw  m  is  worked,  the  stub  of  £e  nut  Kf,  acting  against  dit 
slide  of  the  slit  //  as  an  inclined  plane,  will  move  it  eidier  back- 
wards or  forwards  through  the  openii^  m  ;  a  metal  cover  r^ 
fig.  14.,  is  occasionally  put  over  die  opening  for  the  nut  ft  and 
screw  m  to  prevent  the  chips  from  falling  in.     Near  the  fow 
comers  of  the  frame,  fig.  12.,  are  four  small  projections  oooo, 
with  inclined  sides,  which  fit  into  the  four  openings  pppp  of 
figs.  IS.  and  7. ;  these  openings  are  cut  out  in  two  brass  plates, 
wiiich  are  screwed  qn  at  risht  angles  to  the  plates  bb,  figs*  7. 
and  IS.;  the  ends  qqqq  of  mese  plates  slide  between  the  edges 
^f  the  frame  kk  and  the  box  d,  so  as  to  prevent  any  o^tf 
motion  than  a  vertical  one.— -When  this  slide-tool  is  used,  the 
puppet  G  is  to  be  removed  or  pushed  back  further  from  f,  and 
the  tool  is  put  upon  the  bar  h,  fig.  1.,  and  fixed  in  the  place  of 
the  rest  j  by  the  clamp  fig.  8. ;  the  distance  from  the  centre  n 
is  adjusted  by  the  screw  A,  which  moves  the  slide,  ^.  1 1.  in  the 
grooves  if  figs.  7.  and  10.  with  the  ^hole  apparatus  upon  it :  by 
the  screw  nt,  figs.  7.  and  11.,  as  before  described,  the  slide, 
fig.  12.,  may  be  moved  in  a  direction  perpendicular  to  tbe 
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bar  H,  fig.  1.;  and  its  projections  oo  acting  against  the  shtspp^ 
£g8. 7.  and  13.,  as  inclined  planes,  will  raise  or  lower  the  plate 
B  as  is  required. 

The  tool,  which  has  been  before  fixed  in  the  holders  bb,  can 
be  set  at  the  proper  angle,  by  loosening  the  screw  e,  as  pre- 
▼iously  described :  and,  lastly,  the  tool  with  the  holders  and 
alider  a  can  be  advanced  or  withdrawn  by  working  the  screw  e; 
The  nuts  of  the  screws  c  and  A,  fig*  7.,  are  not  screwed  fast  to 
the  sliding  plates,  but  are  held  by  two  pins  ^,  fig.  1 1.,  which  fit 
into  grooves  u,  fig.  10.,  in  each  side  of  the  nut:  by  these  means, 
the  sliding  plate  can  at  any  time  be  taken  out  by  only  unscrew- 
ing one  of  the  brass  sides  from  the  groove  i,  without  taking  out 
the  screw  and  nut.  In  order  to  make  the  grooves  always  fit 
their  slides,  the  two  pieces  of  brass  yy,  fig.  7.,  which  compose 
the  sides  of  the  groove,  have  elliptic  holes  for  their  screws  v,  so 
as  to  admit,  when  the  screws  are  slackened,  of  being  pushed 
inwards  by  the  screws  w,  which  work  in  a  lump  of  metal  cast 
with  the  part  aa. 

The  large  lathes  which  Mr.  Maudslay  uses  in  his  manufac- 
tory, instead  of  being  worked  by  the  foot,  as  represented  in 
fig.  L,  are  worked  by  hand;  the  wheel  and  fly-wheel  which  the 
men  turn  works  by  a  strap  on  another  wheel,  fixed  to  the  ceil- 
ing directly  over  it ;  on  the  axis  of  thb  wheel  is  a  larger  t>ne, 
which  turns  another  small  wheel  or  pulley,  fixed  to  the  ceil- 
ing, directly  over  the  mandrel  of  the  lathe;  and  this  last  has  on 
its  axis  a  larger  one  which  works  the  mandrel  o,  by  a  band  of 
catgut.  These  latter  wheels  are  fixed  in  a  frame  of  cast-iron, 
moveable  on  a  joint ;  and  this  frame  has  always  a  strong  tend- 
ency to  rise  up,  in  consequence  of  the  action  of  a  heavy  weight ; 
the  rope  from  which,  after  passing  over  a  pulley,  is  fastened  to 
the  frame :  this  weight  not  only  operates  to  keep  the  mandrel- 
band  tight,  when  applied  to  any  of  the  grooves  therein,  but 
always  makes  the  strap  between  the  two  wheels  on  the  ceiling 
fit  As  it  is  necessary  that  the  workman  should  be  able  to  stop 
his  lathe,  without  the  men  stopping  who  are  turning  the  great 
wheel,  there  are  two  pulleys  or  rollers  (on  the  axis  of  the  wheel 
over  the  lathe),  for  the  strap  coming  from  the  other  wheel  on 
the  ceiling ;  one  of  these  pulleys,  called  the  dead  pulley,  is  fixed 
to  the  axis  and  turns  with  it,  and  the  other  which  sfips  round 
it,  is  called  the  live  pulley:  these  pulleys  are  put  close  to  each 
other,  so  that  by  slipping  the  strap  upon  the  live  pulley,  it  will 
not  turn  the  axis  ;  but  if  it  is  slipped  on  the  other  it  will  turn 
with  it :  this  is  efjfected  by  an  horizontal  bar,  with  two  upright 
pins  in  it,  between  which  the  strap  passes.  This  bar  is  moved 
in  such  a  direction  as  will  throw  the  strap  upon  the  live  pulley, 
by  means  of  a  strong  bell- spring;  and  in  a  contrary  direction  it 
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is  moved  by  a  cord  fastened  to  it,  which  passes  over  a  ptiUej,  and 
hangs  down  within  re%ch  of  the  workman's  hand :  to  this  cord  is 
fastened  a  weighty  heavy  enough  to  counteract  the  beU-spring, 
and  bring  the  strap  u^  to  the  dead  pulley,  to  turn  the  lathe ;  but 
when  the  weight  is  laid  epon  a  little  shelf,  prepared  for  the  pur- 
pose, the  spring  wiU  act  and  stop  it. 

Mr.  Maudslay  has  like^vbe  some  additional  apparatus  for 
cutting  tfie  teeth  of  wheels,  in  which  the  face  of  the  mandrel  d, 
lig.  1 .,  has  seventeen  concentric  circles  upon  it,  each  divided 
into  a  different  number  of  equal  parts,  by  small  holes.  There 
is  a  thin  stop,  jr,  fig.  1.,  which  moves  round  on  a  screw,  fixed  in 
the  standard  f  :  this  stop  is  made  of  thin  steel,  and  is  so  fixed, 
that  when  it  is  tinned  up,  and  its  point  inserted  into  any  of  the 
divisions  of  the  mandrel,  it  will  have  a  sufficient  spring  to  keep 
it  there  :  the  wheel  to  be  cut  is  fastened,  by  means  of  a  cbtick, 
to  the  screw  n,  and  after  it  has  been  turned,  and  brought  to  tfe 
proper  shape,  the  rest  j  is  to  be  taken  away,  and  the  slide-tool 
substituted :  a  square  bar  is  then  put  into  die  two  holders,  M, 
fig.  7.;  this  bar  has  two  branches  for  holdmg  the  ends  of  a  spia- 
dle,  near  one  end  of  which  is  a  pulley,  and  at  the  other  are  four 
chisels,  fixed  perpendicularly  into  the  spindle  for  cutting  out  the 
teeth  (mstead  of  the  circular  saw  commonly  used) :  the  pulley  b 
turned  (with  the  intervention  of  several  wheels  to  augment  the 
velocity)  by  the  same  great  wheel  as  the  lathe,  with  7300  revo- 
lutions per  minute ;  the  mandrel  is  then  fixed  by  the  stop  x, 
fig.  1.,  and  tlie  cutter  advanced  towards  the  wheel,  by  the  screw 
c,  fig.  7.  When  it  has  cut  that  tooth,  the  cutter  is  withdrawn, 
and  the  mandrel  turned  to  anodier  division,  and  a  tooth  is  aii 
again  as  before.  At  diat  part  of  the  frame  of  the  cutting- 
spbdle  where  the  bar  which  is  fixed  in  die  holders  of  the  slide- 
tool  connects  with  the  two  branches  there  is  a  joint,  by  which 
the  cutting-spindle  can  be  set  in  an  inclining' position,  for  citt- 
ting  oblique  teeth  Hke  those  which  are  to  work  with  an  endless 
screw.  The  great  velocity  with  which  this  spmdle  turns  soon 
generates,  by  mction  and  resistance,  a  degree  of  heat  sufficient 
to  expand  it  very  sensibly :  but  this  ingenious  mechanist,  fore- 
seeing such  a  cu-cumstance,  has  judiciously  compensated  for  it 
in  his  construction,  by  making  the  spindle  so  short  as  to  plaj 
loosely  in  its  sockets  at  the  commencement  of  the  motion;  bat 
after  a  few  seconds  the  expansion  is  such  as  to  cause  the  whole 
to  fit  together  as  it  ought  to  do,  and  the  work  of  cutting  to  pro- 
ceed with  accuracy  and  safety. 

Another  skilful  mechanic,  Mr.  Smart,  of  Ordnance  Wharf, 
Westminster,  whose  chimney-cleansers  and  saws  have  beea  «<►• 
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ticed  in  earlier  parts  of  this  volume^  has  made  some  very  useful 
improvemeuts  in  the  art  of  turning,  and  particularly  has  strucjc 
out  a  simple  ^lethQd  of  turning  cylinders  and  cones^  in  wood. 
The  figures  to  ilhistrate  his  turning  machinery  are  given  in  pi. 
XXVL  (figs.  3. 4.),  where  the  legs  or  stiles  L,  the  puppets  a,  b, 
the  cheeks  o,  Oy  the  pikes  and  screws,  m,  N|  b,  with  the  handle 
Dy  are  but  slightly  varied  from  the  usual  construction.  Hound 
the  mandrel  e  passes  a  band  f,  f^,  which  also  encompasses  a 
large  wheel  not  shewn  in  the  figure ;  and  when  this  large  wheel 
is  turned  round  with  moderate  swiftness,  it  communicates  a 
rajud  velocity  to  the  mandrel  e,  and  the  long  piece  of  wood  o, 
"which  is  proposed  to  be  made  cylindrical.  This  piece  is  jpre- 
viousl^  hewn  into  an  octagonal  form.  The  cutting-frame  ^ 
contams  a  sharp  iron  tool,  which  is  to  answer  the  purpose  of 
the  common  turning-ffouge,  and  which  is  fitted  into  the  frame 
so  as  to  project  a  litde  beyond  its  inner  part,  after  the  manner 
of  a  carpenter's  plane-iron  for  round  or  ogee  work.  Then, 
while  the  piece  G  is  turning  swiftly  round  by  a  man  working  at 
the  great  wheel,  another  man  pushes  the  frame  h  gently  on  from 
L  towards  m,  the  lower  part  of  that  frame  fitting  between  the 
cheeks  o,  o,  and  sliding  along  between  them.  By  this  process, 
the  piece  g  is  reduced  to  a  cylinder,  moderately  smooth  ;  and,  ^ 
in  order  to  render  the  smoothness  as  complete  as  need  be,  a  se-* 
cond  cutter,  and  its  frame  i,  adapted  to  a  rather  smaller  cylhider 
than  the  former,  is  pushed  along  in  like  manner  from  l  to  m. 
This  operation  may  be  performed  with  such  speed,  that  a  very 
accurate  cylinder  of  6  feet  long,  and  4  inches  diameter,  may  be 
fixed  to  the  lathe  and  turned  in  much  less  than  a  minute. 

Mr.  Smart  tiirns  a  conical  end  to  one  of  these  cylinders  with 
great  facility,  by  means  of  a  cutting-blade  fixed  in  an  iron  hollow 
conical  frame  K,  the  smaller  end  of  which  admits  the  pike  from 
the  screw  s  (fig.  4.),  to  which  one  end  of  the  cylinder  g  is  at- 
tached :  as  the  cylinder  turns  rapidly  round,  the  cutter  k  is  con- 
ducted gently 'along  it  by  means  of  the  hollow  frame,  and  soon 
gives  the  conical  shape  to  the  end  of  the  cylinder,  as  required. 

Excellent  lathes,  witli  considerable  improvements,  are  like- 
wise made  by  Mess.  Ij^oltzapifel  and  Deyerlein,  1 18,  Long  Acre. 

Some  important  directions  for  turning  screws,  ovals,  cubes, 
rose-work,  swash-work.  See.  may  be  seen  in  Moxon's  Mechanic 
Sereins:  ^e  insertion  of  them  here  would  occupy  more  room 
than  is  compatible  w.^th  the  plan  of  thb  work.  See  also,  '^  Tour 
pour  fairesans  Arbre  tputes  Sortes  deVis,  par  M.  Grandjean^* 
in  '^  Recueil  des  Ms^chiiies  et  Inventions,  approuv6es  par 
I'Acad.  Roy.  des .l^ciences,''  tom.  v.;  and  Mr.  jBeaiys  m^^thod 
of  cutting  screw.9jin  the  commQO  ^uming-lathe,  in  Tilfoch's  Phil. 
^ag.voT.  xix. 
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WATCH,  a  small  portable  machine  for  measuring  time; 
having  its  motion  commonly  regulated  by  a  spiral  spring.  Per- 
haps, strictly  speaking,  watches  are  all  such  movements  as  skem 
the  parts  of  time ;  as  clocks  are  such  as  publish  them,  by  strik- 
ing on  a  bell,  8cc.  But  commonly,  the  term  watch  is  appro^ 
f>riated  to  such  as  are  carried  in  the  pocket ;  and  clock  to  the 
arffe  movements,  whether  they  strike  the  hour  or  not. 

Spring  or  Pendulum  Watches  stand  pretty  much  on  the 
same  principle  with  pendulum  clocks.  For  if  a  pendulum,  de- 
scribing small  circular  arcs,  make  vibrations  of  unequal  lengths, 
in  equal  times,  it  is  because  it  describes  the  greater  arc  vnth  a 
greater  velocity ;  so  a  spring  put  in  motion,  and  makuig  greater 
and  less  vibrations,  as  it  is  more  or  less  stiff,  and  as  it  has  a 
^eater  or  less  decree  of  motion  given  it,  performs  them  newriy 
m  equal  times.  Hence,  as  the  vibrations  of  the  penduluna  had 
been  applied  to  large  clocks,  to  rectify  the  inequality  of  tfieir 
motions ;  so  to  correct  the  unequal  motions  of  the  balance  in 
watches,  a  spring  is  added,  by  the  isochronism  of  whose  vibra* 
tions  the  correction  is  to  be  effected.  The  spring  is  usuaUj 
wound  into  a  spiral ;  that,  in  the  little  compass  allotted  it,  it 
may  be  as  long  as  possible ;  and  may  have  strength  enough  not 
to  be  mastered,  and  dragged  about,  by  the  inequalities  of  the 
balance  it  is  to  regulate.  The  vibrations  of  the  two  parts,  viz. 
the  spring  and  the  balance,  should  be  of  die  same  length  ;  but 
so  adjusted,  as  that  the  spring,  being  more  regular  in  the  length 
of  its  vibrations  than  the  balance,  may  occasionally  communicate 
its  regularity  to  the  latter. 

Striking  Watches  are  such  as,  besides  the  proper  watch- 
part  for  measuring  of  time,  have  a  clock-part  for  striking  die 
hours,  8cc. 

Repeating  Watches  are  such  as  by  puUbg  a  string,  &c. 
repeat  the  hour,  quarter,  or  minute,  at  any  time  of  the  day  or 
night.  This  repetition  was  the  invention  of  Mr.  Barlow,  and 
first  put  in  practice  by  him  in  larger  movements  or  clocks  about 
the  year  161 6*  The  contrivance  immediately  set  the  other 
artists  to  work,  who  soon  contrived  divers  ways  of  effecting  the 
same:  but  its  application  to  pocket-watches  was  not  known 
before  king  James  the  Second's  reign ;  when  the  ingenious  in- 
ventor above  mentioned,  having  directed  Mr.  Thompson  to 
make  a  repeating  watch,  was  soliciting  a  patent  for  the  same. 
The  talk  of  a  patent  engaged  Mr.  Quare  to  resume  the  thoughts 
of  a  like  contrivance,  which  he  had  had  in  view  some  years  be- 
fore: he  now  effected  it;  and. being  pressed  to  endeavour  to 
prevent  Mr.  Barlow's  patent,  a  watch  of  each  kmd  was  pro- 
duced before  the  king  and  council;  upon  trial  of  which,  the 
preference  was  given  to  Mr.  Quare's.    The  difference  between 
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them  waSy  that  Barlow's  was  made  to  repeat  by  pushing  in  two 
pieces  on  each  side  the  watch-box ;  one  of  which  repeated  the 
hear,  and  the  other  the  quarter  :  whereas  Quare's  was  made  to 
repeat  by  a  pin  that  stuck  out  near  the  pendant,  which  being 
thrust  in  (as  now  it  is  done  by  thrusting  in  the  pendant  itself), 
repeated  both  the  hour  and  quarter  with  the  same  thrust. 

Of  theMechanism  of  uWatch,  properly  so  called.  Watches, 
as  well  as  clocks,  are  composed  of  wheels  and  pinions,  and  a 
regulator  to  direct  the  quickness  pr  slowness  of  the  wheels,  and 
of  a  spring  which  communicates  motion  to  the  whole  machine. 
13ut  the  regulator  and  spring  of  a  watch  are  vastly  inferior  to 
the  weight  and  pendulum  of  a  clock,  neither  of  which  can  be 
employed  in  watches.  Instead  of  a  pendulum,  therefore,  we 
aie  obliged  to  use  a  balance  (pi.  XXXIII.  fig.  1.)  to  regulate 
the  motion  of  a  watch ;  and  a  spring  (fig.  2.)  which  serves  in- 
stead of  a  weight,  to  give  iftotion  to  the  wheels  and  balance. 

The  wheels  of  a  watch,  like  those  of  a  clock,  are  placed  in  a 
frame  formed  of  two  plates  and  four  pillars.  Fig.  3.  represents 
the  inside  of  a  watch,  after  the  plate  if  fig.  4.)  is  taken  off.  a  is 
the  barrel  which  contains  the  spring  (ng.  2.) ;  the  chain  is  rolled 
about  the  barrel,  with  one  end  of  it  fixed  to  the  barrel  A;  (fig. 
5.),  and  the  other  to  the  fusee  B. 

When  a  watch  is  wound  up,  the  chain  which  was  upon  the 
barrel  winds  about  the  fusee,  and  by  this  means  the  spring  is 
stretched;  for  the  interior  end  of  the  spring  is  fixed  by  a  hook 
to  the  immoveable  axis  about  which  the  barrel  revolves;  the 
exterior  end  of  the  spring  is  fixed  to  the  ipside  of  the  barrel, 
which  turns  upon  an  axis.  It  i»  therefore  easy  to  perceiv^  how 
the  spring  extends  itself,  and  how  its  elasticity  forces  the  barrel 
to  turn  round,  and  consequently  obliges  the  chain  which  b  upon 
the  fusee  to  unfold  and  turn  the  fusee :  the  motion  of  the  fusee 
b  communicated  to  the  wheel  c  (fig.  5.) ;  then,  by  means  of  the 
teeth,  to  the  pinion  c,  which  carries  the  v^heel  d  ;  then  to  the, 
pinion  d,  which  carries  the  wheel  e  ;  then  to  the  pinion  e,  which 
carries  the  wheel  F ;  then  to  the  pinion  f^  upon  which  is  the 
balance-wheel  g,  whose  pivot  runs  in  the  pieces  a  called  t!ie 
pctance^  and  b  called  sl  follower,  which  are  fixed  on  the  plate 
fiff.  4.  This  plate,  of  which  only  a  part  is  represented,  is  ap-, 
pued  to  that  of  fig.  3.  in  such  a  manner  that  the  pivots  of  the 
wheels  enter  into  holes  made  in  the  plate,  fig.  3.  Thus  the  im- 
pressed force  of  the  spring  is  communicated  to  the  wheels :  and 
the  pinion^*  being  then  connected  to  the  wheel  f,  obliges  it  to 
turn  (fig.  5.).  This  wheel  acts  upon  the  palettes  of  the  verge 
1, 2  (fig.  1.),  the  axb  of  which  carries  the  oalance  hh  (fis.  !•)• 
The  pivot  i,  m  the  end  of  the  verge^^enters  into  the  bole  c  ia 
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the  potance  A  (fig.  4.).  In  this  figure  the  palettes  are  repre* 
seated ;  but  the  balance  is  on  th^  other  side  of  the  plate,  as 
may  be  seen  in  fig.  6.  The  pivot  3  of  the  balance  enters  into 
a  hole  of  the  cock  bc  (fig.  7.)  a  perspective  view  of  which  b 
represented  in  fig.  8.  Thus  the  balance  turns  between  the  cock 
and  the  potance  c  (fig.  4.),  as  in  a  kind  of  ca^e.  The  action  of 
the  balance-wheel  upon  the  palettes  1,  2  (fig.  1.),  is  the  same 
with  what  we  have  described  with  regard  to  the  same  wheel  in 
the  clock ;  t.  e,  in  a  watch,  the  balance-wheel  obliges  the  ba- 
lance to  vibrate  backwards  and  forwards  like  a  pendulum.  At 
each  vibration  of  the  balance  a  palette  allows  a  tooth  of  the  ba- 
lance-wheel to  escape ;  so  that  the  quickness  of  the  modon  of 
the  wheels  is  entirely  determined  by  tne  quickness  of  the  vibra- 
tions of  the  balance ;  and  these  vibrations  of  the  balance  and 
motion  of  the  wheels  are  produced  bj  the  action  of  the  spring. 

But  the  quickness  or  slowness  of  the  vibrations  of  the  balance 
depends  not  solely  upon  the  action  of  the  great  spring,  but 
chiefly  upon  the  action  of  the  spring  a,  b,  c,  called  die  spiral 
spring  (fig.  9.),  situated  under  the  balance  h,  and  represented 
in  perspective  (fig.  6.).  The  exterior  end  of  the  spiral  is  fixed 
to  the  pin  a  (fig.  9.).  This  pin  is  applied  near  the  plate  in  a 
(fig.  6.);  the  interior  end  of  the  spiral  is  fixed  by  a  peg  to  the 
centre  of  the  balance.  Hence  if  the  balance  is  turned  upon 
itself,  the  plates  remaining  immoveable,  the  spring  will  extend 
itself,  and  make  the  balance  perform  one  revolution.  Now, 
after  the  spiral  is  thus  extended,  if  the  balance  be  left  to  itself, 
the  elasticity  of  the  spiral  will  bring  back  the  balance,  and  in 
this  manner  the  alternate  vibrations  of  the  balance  are  produced. 

In  fig.  5.  all  the  wheels  above  described  are  represented  in 
siich  a  manner,  that  it  may  be  easily  perceived  at  first  sight  how 
the  motion  is  communicated  from  the  barrel  to  the  balance. 

in  fig.  10.  are  represented  the  wheels  under  the  dial-plate  by 
which  the  hands  are  moved.  The  pinion  a  is  adjusted  to  the 
force  of  the  prolonged  pivot  of  the  wheel  d  (fig.  5.),  and  is  called 
a  cannon  pinion.  This  wheel  revolves  in  an  hour.  The  end 
of  the  axis  of  the  pinion  a,  upon  which  the  minute  hand  is  fixed, 
is  square ;  the  pinion  (fig.  10.)  is  indented  into  the.  wheel  b, 
which  is  carried  by  the  pinion  a.  Fig.  1 1.  is  a  wheel  fixed  upon 
a  barrel,  into  die  cavity  of  which  the  pinion  a  enters,  and  upon 
which  it  turns  freely.  This  wheel  revolves  in  twelve  hours,  and 
carries  along  with  it  the  hour-hand. 

Such  in  brief  is  the  general  mechanism  of  a  watch :  to  treat 
the  subject  to  the  extent  its  importance  demands  would  require 
a  volume :  some  parts  of  the  construction  are  furdier  explained 
under  the  words  balance  and  scapismlnt  ih  this  vc^ume. 
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Mr.  Elliot^  of  Clerkenwell,  has  lately  iovented  a  very  simple 
repeating  watcb^  in  which  the  motion  is  performed  with  much 
/ewer  parts  than  in  the  asual  construction^  by  which  means  he 
is  enabled  to-  leduce  the  price  so  low  as  eight  guineaafor  a  good 
repeater  on  this  principle,  or  to  add  the  repeating-work  to  an- 
other watch  for  three* 

The  method  by  which  this  repeater  is  so  much  simplifi^sd  is 
-by  the  use  of  a  single  part,  so  contrived  a^  to  perform  the  ope- 
rations of  several :  thiis  is,  a  flat  ring,  or  centreless'  wheel,  of 
nearly  the  same  diameter  as  the  watch^  supported  in  its  place, 
ao  as  4,0  adipit  of  circular  motion,  by  four  grooved  pulleys 
placed  round  its  e&temal  civciimference,  in  the  same  manner  as 
the  part  in  common  clocks  which  denotes  the  moon's  age.  This 
part  is  put  in  motion  by  turning}  the  pendant,  whose  extremity 
is  formed  into  a  small  vertical  wheel,  which  works  in  teeth  cut 
on  the  external  part  of  tb^  flat  ring  for  almost  a  third  of  its  cir« 
cumference.  l^he  lower  part  of  the  ring  contains  the  pias,  at 
right  angles  to  its  face,  which  lift  the  hammers  for  striking  the 
hours  and  quarters;  the  internal  part  of  the  ring  contains  in- 
dentations of  r^iikurly  increasing  depths,  which,  receiving  the 
•tails  of  the  lev^s,  whose  other  extremities  are  pressed  by  their 
springs  against  the  hour-snaii  and  the  quarter-snail,  is  by  them 
prevented  from  moving  beyond  a  certam  4^ree  proper  for  the 
time:  after  the  pendant  is  turned,  tfie  ring  is  brought  back  to 
its  first  position,  by  a  box-spring,  round  which  a  fine  chain  is 
coiled,  whose  extremity  is  connc^ied  with  the  inner  part  of  die 

By  tunung  the  pendant  to  the  left  the  hour  is  struck,  and  by 
turning  it  to  the  light  the  quarters  are  repeated ;  and  the  re- 
turning spring  just  mentioned  is  made  to  operate  in  both  di- 
rections, by  its  chain  passing  between  two  little  pulleys,  which 
on  either  side  convert  the  direction  of  the  chain  to  the  line  of 
traction  of  the  spring. 

Hence  it  is  evident  this  single  flat  ring  performs  all  the  fol- 
lowing operations. 

1.  It  receives  the  motion  for  striking  the  hour  from  the  pen* 

dam. 

2.  —  The  same  for  striking  the  quarters* 

3.  It  carries  the  pins,  or  teeth,  which  lift  die  faour-hammer. 

4.  —  The  same  for  die  quarter-hammer. 

5.  It  contains  the  indentations  by  which  the  hour-snail  ope- 

rates on  it  by  its  lever. 

6.  —  The  same,  by  which  the  quarter-snail  operates  on  it. 

7.  It  carries  the^  part  that  recoils  die  movement  which  tells 
r  the  hour  to  its  first  positiop. 
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8.  It  carries  the  part,  for  the  same  purpose,  for  the  quarter* 

movement. 

9.  It  contains  a  cavity,  which  moves  over  a  fixed  pin,  Aat 

prevents  the  pendant  from  turning  it  too  far. 

In  this  ring,  the  same  parts,  in  three  instances,  are  made  to 
perform  double  operations,  by  which  simplicity  of  constractioo 
IS  advanced,  apparently  to  its  greatest  extent. 

For  other  constructions  the  reader  may  consult  the  Pant^^ 
logia. 

watchman's  NocTUARY,the  name  given  to  an  instru- 
ment lately  contrived  to  remedy  a  great  defect  in  an  importemt 
branch  of  the  police  of  great  cities,  that  of  mghi-tcalching. 
Every  twenty-four  hours  furnishes  some  instance  of  the  ineffi- 
cacy  of  the  present  system,  by  the  dcpredatii»m  which  have 
been  committed  in  the  night,  or  by  the  fatal  accideiits  which 
occur  from  a  neglect  of  giving  families  timely  wamnig  in  cases 
of  sudden  fires.  A  respectable  magistrate  (Samuel  Day,  Esq. 
of  Charter-house,  Hinton,  Somersetshire)  has  directed  hts  at- 
tention to  the  application  of  a  mechanical  check  up<>H  the  dili- 
gence and  regularity  of  watchmen,  labourers,  and  all  other 
classes  of  men  whose  duty  reauires  that  they  should  attend  at 
certain  places  at  appointed  times :  the  instrument  he  has  in- 
vented for  this  purpose  he  calls  a  Watchman^ s  noctuary,  or  JLa- 
bourefs  regulator. 

'  The  invention  consists  principally  of  a  large  horizontal 
wheel,  which  is  moved  uniformly  round  every  12  hours  by 
clock-work.  The  upper  side  of  this  wheel  is  divided  by  two 
circles,  one  within  the  other  j  the  <>ut^r  one,  or  periphery, 
having  the  hours  and  quarters  marked  on  it,  which  may  be 
called  the  lateral  side ;  the  inner  circle  having  also  a  dial,  \%hich 
may  be  called  the  vertical  one.  The  space  between  these  circles- 
or  dials  is  divided  into  cells,  each  cell  corresponding  widi  a 
quarter  or  half-hour  of  the  different  hours  marked  on  the  dials ; 
indi  if  thought  proper,  the  cells  might  be  so  mtdtiplied,  as  that 
each  would  correspond  within  a  period  of  five  minutes.  Such 
is  the  upper  side  of  the  horizontal  wheel,  which  may  be  made  of 
copper,  or  tin,  or  various  other  materials,  and  is  about  9  inches 
in  diameter.  The  under  side  of  the  same  has  a  brass  wheel 
with  teeth,  diameter  3}  inches,  fixed  to  its  central  part ;  tlie  teeth 
of  Mrhich,  letting  in  with  those  of  a  smaller  wheel  or  pinion,  give 
motion  in  consequence  to  the  large  horizontal  wheel  (of  which 
it  forms  a  part)  by  the  motion  it  receives  from  the  pinion.  This 
pinion  being  set  in  motion  by  the  common  clock-work  and  a 
weight  or  spring,  the  revolution  of  the  horizontal  wheel  is  com* 
pleted  once  in  twelve  hours,  and  thus,  regularly  gobg  rounds 
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will  at  all  times  shew  the  time  of  day  or  night.  As  it  moves 
round  it  carries  the  cells  above-mentioned  un(kr  a  kind  of  chink, 
just  large  enough  to  receive  a  token  of  about  the  size  of  a  far- 
thing. This  chink  sinks  down  from  an  external  brass  box, 
which  is  sufficiently  large  to  vadmit  a  man's  fingers  to  drop  m 
the  token  by  an  external  aperture  or  moulh  of  the  chink,  th« 
token  being  directed  perpendicularly  thrpugh  this  chink  into 
such  cell  as  is  immediately  under  it,  and  which  must  correspond 
with  the  time  of  night  or  day.  The  head  of  the  case  of  the 
machine  has  double  doors  in  front ;  the  outward  door  covers 
the  whole  face  together,  leaving  a  sufficient  space  above  the  ho- 
rizontal wheel  for  examining  the  tokens  and  taking  them  from 
the  cells,  or  for  removing  the  wheel  when  necessary.  A  smaller 
door  opens  in  this  large  one  upon  the  brass  box  abovementioned, 
the  opening  of  which  belongs  solely  to  the  watchman,  or  such 
other  person  as  may  be  required  to  use  the  same,  for  the  pur* 
pose  of  seeing  the  time  and  dropping  his  tokens,  a  minute-dial 
also  being  placed  under  the  hour-index.  If  it  be  found  more 
convenient,  a  common  dial-plate,  to  shew  the  hours  and  minutes, 
may  be  placed  instead  of  the  ^minute-dial.  The  great  outer 
door  first  mentioned  is  to  be  opened  only  by  the  inspector  or 
examiner  of  the  tokens,  and  ought  to  be  well  secured ;  but,  for 
greater  safety,  both  against  thieves  and  weather,  there  is  an  in- 
side door,  in  which  the  fore-mentioned  brass  box  is  fixed ;  and 
this  inner  door  being  opened,  throws  into  view  the  horizontal 
wheel,  for  the  purpose  just  specified.  These  are  the  essential 
parts  of  the  invention:  the  different  appendages  may  be  vari* 
ously  modified. 

One  such  instrument  as  diis  being  placed  at  each  end  of  a 
watchman's  round,  it  will  be  ascertained  how  the  man  continued 
his  movements  through  the  night,  to  a  nicety  of  10  minutes  (or 
less  if  required)  at  any  period  of  the  watch ;  and  the  slightest 
irregularity  or  omission  will  be  detected  the  next  morning  by 
the  person  whose  office  it  shall  be  to  open  the  machine.  No 
trick  or  fraud  on  the  watchman's  part  can  counteract  the  move- 
ment of  the  horizontal 'wheel  comprising  the  cells  into  which 
the  tokens  are  to  be  dropped ;  each  cell  is,  by  this  contrivance, 
Hke  time  itself,  irrevocable  when  past:  the  watchman  has- no 
command  over  it,  and  the  whole  will  be  a  kind  of  speaking  wit- 
ness of  his  diligence  and  fidelity  in  going  his  rounds,  answering 
the  next  morning  to  the  exact  periods  he  either  was  or  ought  to 
have  been  there. 

By  this  means  the  calls  of  the  watchmen,  which  were  only 
instituted  for  the  purpose  of  hb  giving  notice  of  being  on  his 
duty,  will  be  superseded ;  and  a  considerable  expence  of  animal 
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^SLertioa  will  be  saved  to  the  individual,  which  might  better  be 
eonverted  into  that  of  going  his  rounds  twice,  wh^«  he  now 
obIj  goes  ODce^  Wariiiugs  to  die  nightly  thief  of  timdj  attack 
or  retreat  will  likewise  be  taken  away ;  anid  if  instead  of  an  opeo, 
die  watcbanaa  was  to  carry  a  dark,  lantfaom,  the  robber  would 
have  no  security  whatever  in  calcnlatnig  die  momeBt  of  Jiis 
depiedation,  and  might  be  detected  in  the  very  outset  of  his  at- 
tack, as  the  slightest  sound  would  alarm  the  watchman  walking 
in  silence,  and  not  drowning  distant  noise  by  diat  of  his  own  v<nce. 
The  same  machine  will  answer  in  custom-houses,  ware^houaes, 
banking-houses,  manufactories,  bleaching-gronnds,  and  every 

Elace  where  watching  or  other  attendance,  to  be  useful,  most 
e  exact :  even  sentinels  on  military  duty  might  be  required  to 
leave  tokens  as  memorials  of  their  vigilance* 

Mr.  Day  has,  we  understand,  obtained  the  nsaal  patent  for 
aecuring  to  himself  the  right  of  making  and  selling  ^is  instro- 
lapent ;  yet  sucely  not  to  the  exclumn  of  others  invented  for  the 
same  purpose :  for  the  late  Marquis  of  Exeter  informed  the 
Did>lic  more  than  diree  years  i^o,  throu^  the  medinm  of 
rlicbolson's  Philosophical  Joumsd,  that  a  clock  for  a  amilar 
wn-pose  had  been  invented  by  Messrs.  Boulton  and  Watt  of 
Birmingham,  which  costs  no  more  than  thirty  shillings.  Hit 
lordship  had  then  had  two  of  them  at  BurleiglnHall  more  than 
four  years;  and  he  gives  the  following  description  of  them: 
*^  They  go  eight  days,  and  have  a  %ce  Uke  a  clock,  but  do  not 
strike.  The  dial  goes  round  and  the  hour-finger  is  fixed :  round 
the  edge  of  the  dial  are  moveable  iron  pins,  corresponding  with 
the  quarters  in  each  hour.  A  small  hammer  placed  behind  the 
boBr-fin|er,  when  moved  downwards,  pushes  into  the  dial  one 
of  the  pins  which  happens  to  be  under  it  at  the  time,  which  pin 
remains  so  abased  until  the  dial  nearly  returns  to  the  same  place, 
when  by  an  inclosed  plane  the  pin  is  raised  up  into  its  first  po- 
sition. This  gives  time  to  have  the  machine  examined  in  the 
morning,  to  see  how  many  pins  have  been  struck,  and  at  what 
time  they  were  pushed  downwards.  The  hammer  is  moved 
by  the  pulling  of  a  chain  with  a  handle,  like  house-door  bells, 
which,  by  cranks  and  wires,  is  attached  to  it.  I  have  one  in 
my  library,  the  handle  is  out  of  doors.  The  other  machine  is 
placed  in  a  building  at  the  other  end  of  my  premises.*' 
,  WATER-MILLS,  the  general  term  by  which  all  kinds  of 
mUls  which  have  a  stream  of  water  for  their  first  mover,  are 
designated.  The  term  is  also  sometimes  applied  to  machines 
driven  by  wind,  for  the  purpose  of  draining  water  out  of  fen 
lands ;  but  it  is  with  more  propriety  confined  to  the  preceding 
acceptation. 
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It  is  nbt  our  intention  in  the  present  article  to  enter  minutely 
into  the  description  of  the  various  kinds  of  machinery  driven  by 
water  as  an  active  power,  but  to  confine  ourselves  to  a  few 
general  remarks  upon  the  construction  of  that  part  only  which 
is  essential  to  watier-mills,  the  wateV'Wheel:  for  the  axis  of  this 
wheel  may  be  employed  to  transmit  the  force  impressed  upon  it 
to  any  species  of  machinery,  A  concbe  view  of  the  theory  of 
water-wheels,  together  with  a  tolerably  copious  statement  of  the 
experiments  and  results  of  Smeaton,  have  been  laid  before  the 
reader  in  book  iv.  of  our  first  volume ;  we  propose  now  to  pre- 
sent some  observations  on  their  shape,  magnitude,  and  velocity. 

The  most  general  division  of  water-wheels  is  into  two  kindy, 
resulting  from  the  manner  in  which  the  fluid  is  made  to  act : 
when  water  is  made  to  act  by  its  weight,  it  is  delivered  from 
the  spout  as  high  on  the  wheel  as  possible,  that  it  may  coii^ue 
long  to  press  it  down  ;  but  when  it  is  made  to  strike  the  wheeT, 
it  is  delivered  as  low  as  possible,  that  it  ntay  have  previously  ac- 
quired a  great  velocity :  thus  are  the  wheels  said  to  be  overihot 
Of  undershot.  The  four  kinds  of  wheels  mentioned  in  art.  467. 
vol.  i.  belong,  in  fact,  to  one  or  other  of  these  general  divisions. 

1 .  An  overshot'Wheel  is  nothing  but  a  frame  of  open  buckets 
so  disposed  round  the  rim  of  a  wheel  as  to  receive  the  water 
delivered  from  a  spout  in  such  a  manner  that  one  side  of  the 
wheel  is  loaded  with  water  while  the  other  is  empty :  of  conse- 
quence the  loaded  side  must  descend ;  and  by  this  motion  the 
fluid  runs  out  ot  the  lower  buckets,  while  the  empty  buckets  of 
the  rising  side  of  the  wheel,  in  their  turn,  come  udder  the  spont, 
and  are  filled  with  water.  A  slight  inspection  of  the  figure  of 
an  overshot  water-wheel,  in  plate  XVIII.  of  orir  first  volume, 
will  convince  the  student  of  the  impossibility  of  constructniK 
the  buckets  so  as  to  remain  completely  filled  with  water  till 
they  reach  the  bottom  of  the  wheel:  indeed,  if  the  buckets  are 
formed  by  partitions  directed  to  the  axis  of  the  wheel,  the 
whole  water  must  be  run  out  by  the  time  that  they  h a v^  de- 
scended to  the  level  of  the  axis ;  and,  of  consequence,  there 
must  be  a  great  diminution  in  the  mechanical  effect  of  the 
wheel.  Millwrights  have,  therefore,  turned  their  chief  atten- 
tion to  the  determination  of  a  form  for  the  buckets  which  ^all 
enable  them  to  retain  the  water  alodg  a  great  portion  of  die 
circumference  of  the  wheel.  It  would  require  much  more  rooni 
than  we  can  assign  to  this  article,  to  dtfscribe  half  ihe  cobtliv- 
ances  which  have  been  proposed :  we  fthall  th^r^fore  otily  meli^ 
tion  one  or  two  of  the  best,  as  described  by  Dr.  Robbon  in  the 
Encyclopedia  Britannica. 

In  fig.  11.  pi.  XXXII.  AM  represents  part  of  the  shtouding 
or  ring  of  buckets  oT  an  overihot-^lieel  Whic^h  hai  40  buckets. 
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The  form  of  one  of  these  buckets  is  shewn  by  gofa^cI)  ;  m 
which  the  sole  of  one  bucket  af  should  be  4  of  ae  the  depth 
of  the  shrouding,  and  the  shoulder  ab  of  the  bucket  should  be 
one  half  of  ab.  The  arm  bc  of  the  bucket  must  be  so  inclined 
to  the  shoulder  ab  that  HC  perpendicular  to  ahf  at  h  may  be 
•^  of  AB ;  and  the  wrest,  (or  probably  wrist)  of  the  bucket  co 
must  be  so  inclined  to  Bcn,  the  direction  of  the  arm,  that  dh 
may  be  about  i  of  bh. 

From  this  construction  it  follows,  that  the  area  habc  b  very 
nearly  equal  to  dabc  :  so  that  the  water  which  will  till  the  space 
BABC  will  all  be  contained  in  the  bucket  when  it  shall  come  into 
such  a  position  that  ad  is  a  horizontal  line;  and  the  line  ab  will 
then  make  an  angle  of  nearly  35^  with  the  vertical,  or  the  bucket 
will  be  35*"  from  the  perpendicular  passing  through  die  axis  of 
motion.  If  the  bucket  descend  so  much  lower  that  one-half  of 
the  water  runs  out,  the  line  ab  will  mak,e  an  angle  of  about 
i4!*i  with  the  vertical.  Therefore  Ae  wheel,  filled  to  the  de- 
gree now  mentioned,  will  begin  to  lose  water  at  about  {  of  the 
diameter  from,  the  bottom,  and  half  of  the  water  will  be  dis- 
charged from  the  lowest  bucket  about  7*4  of  the  diameter  further 
llown.  Had  a  greater  proportion  of  the  buckets  been  filled  with 
water  when  they  were  under  the  spout,  the  discharge  would 
have  begun  at  a  greater  height  from  the  bottom,  and  a  greater 
portion  of  the  whole  fall  of  water  would  be  lost.  The  loss  by 
the  preceding  construction  is  less  than  V^th  (supposing  the  water 
to  be  delivered  into  the  wheel  auite  at  its  top),  and  may  be  es- 
timated at  about  iVdi ;  for  the  loss  is  as  the  versed  sine  of  the 
angle  which  the  radius  of  the  bucket  makes  with  the  vertical. 
The  versed  sine  of  25°  is  '18085,  nearly  fth  of  the  radius,  or 
fVth  of  the  diameter.  Had  only  i  of  this  water  been  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  b^  re- 
tained for  10^  more  of  a  revolution,  and  die  loss  of  fall  would 
have  only  been  about  Ath. 

The  bucket  has  been  much  improved  in  its  construction  by 
Mr.  Robert  Bums,  at  the  Cotton  Mills  of  Hotiston,  Bums,  and 
Co.,  at  Cartside,  Renfrewshire.  This  ingenious  millwright 
divides  the  bucket  by  a  partition  nm,  concentric  with  the  sole 
and  rim,  and  of  such  an  altitude,  as  to  make  the  inner  and  outer 
portions  of  the  bucket  x>f  nearly  equal  capacity.  It  is  justly 
observed  by  Dr.  Robbon,  that  Mr.  Bum's  principle  is  suscep- 
tible of  considerable  extension,  and,  when  the  practice  of  makiug 
the  water-wheel  of  iron  is  adopted,  he  recommends  the  use  of 
two  or  more  partitions ;  for  such  a  series  of  partitions,  though 
each  should  be  very  thin,  will  contribute  much  to  the  general 
firmness  of  the  whole  wheel.  In  consequence  of  this  contriv- 
ance the  fluid  is  longer  retaiaed  in  the  descending  buckets :  and 
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when  the  supply  of  water  is  very  scanty^  a  proper  adjustment  of 
the  apparatus  which  regulates  the  position  of  the  spout  will  di- 
rect nearly  all  the  water  into  the  exterior  buckets,  and  thus,  by 
placing  it  at  a  greater  distance  from  the  axis,  sensibly  augment 
its  mechanical  energy.  The  doctor  suggests  also  that  the  breadth 
of  the  buckets,  or  the  rim  of  the  wheel,  should  be  tolerably 
large,  that  the  quantity  of  water  received  from  the  spout  may 
not  nearly  fill  the  bucket :  and  in  order  to  prevent  the  air  from 
impeding  the  rising  buckets,  or  as  the  watermen  term  it,  the 
buckets  from  sucking  up  the  taiUwater,  he  advises  that  the 
shoulder  or  stiirt  a  fi  of  each  bucket  be  perforated  with  a  few 
holes.  As  to  the  spout  which  conveys  the  water,  it  should  be 
considerably  narrower  than  the  breadth  of  the  wheel ;  and,  as 
Dr.  Brewster  justly  remarks,  this  distance  of  the  spout  from  the 
receiving  bucket,  should  in  general  be  two,  three,  or  four  inches, 
that  the  water  may  be  delivered  with  a  velocity  a  little  exceeding 
that  of  the  rim  of  the  wheel;  otherwise  the  wheel  will  be 
retarded  by  the  impulse  of  the  buckets  against  the  stream,  and 
the  dashing  of  the  water  over  would  occasion  a  diminution  of 
power. 

With  respect  to  variations  in  the  fall  of  water,  since  the 
active  pressure  is  measured  by  the  pillar  of  water  reaching  from 
the  horizontal  plane  where  it  is  delivered  on  the  wheel,  to  the 
horizontal  plane  where  it  is  spilled  by  the  wheel,  it  has  been 
concluded  that  the  pressure  must  be  proportional  to  the  wheel,; 
and  therefore  the  water  must  be  delivered  as  high,  and  retained 
as  long  as  possible.  This  maxim,  however,  is  subject  to  limita- 
tions, and  IS  not  perhaps  strictly  consistent  with  sound  theory. 
When^  the  fall  is  exceedingly  great,  a  wheel  of  an  equal  diameter 
becomes  enormously  big,  and  extremely  expensive.  In  cases 
like  this,  where  we  are  unwilling  to  lose  any  part  of  the  force 
of  a  fall-stream,  the  best  form  of  a  bucket-wheel  is  an  inverted 
chain  pump. 

The  velocity  of  an  overshot-wheel  is  a  matter  deserving  of 
great  care  and  attention;  and  different  authors  have  arrived  at 
very  opposite  conclusions  respecting  it.  The  most  accurate 
seems  to  Hbe  that  an  overshot-wheel  does  the  more  work  as  it 
moves  slower :  the  popular  reasoning  adduced  to  prove  this,  has 
been  of  the  following  kind.  Suppose  dnt  a  certain  wheel  has 
SO  buckets,  and  that  6  cubic  feet  of  water  are  delivered  in  a 
second  on  the  top  of  the  wheel,  and  discharged  without  any  loss 
by  the  way,  at  a  certain  height  from  the  bottom  of  the  wheel. 
Let  this  be  the  case  whatever  is  the  rate  of  the  wheel's  motion 
die  buckets  being  of  a  sufficient  capacity  to  hold  all  the  water 
which  fells  rato  diem.  Suppose  this  wheel  employed  to  raise 
a  weight  pf  any  kind,  water,  for  instance,  in  a  ct^na  of  SO 
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buoketSy  to  the  same  altitude  and  with  the  same  velocity.  S«p- 
pose,  farther,  diat  when  the  load  on  the  rising  side  of  die  oia- 
chine  is  one  half  of  that  ob  the  wheel,  the  wheel  makes  4 
revolutions  in  a  minute,  or  one  turn  in  15  seconds.  During 
this  time ,  dO  cubic  feet  of  water  will  have  flowed  kito  the  30 
buckets,  and  each  have  received  S  cnbic  feet.  In  that  caae, 
each  ofthe rising  buckets  contains  Ij  feet;  and  45  cubic  feet 
are  delivered  into  the  upper  cistern,  diuing  one  turn  of  the 
wheel,  and  1 80  cubic  feet  in  one  nunute. 

Now,  suppose  the  machine  so  loaded,  by  makii^  the  rising 
buckets  more  capacious,  that  it  makes  only  2  turns  in  a  minute, 
or  1  turn  in  30  seconds.  Then  each  descending  bucket  must 
contain  6  cubic  feet  of  water.  If  each  bucket  of  the  rising  side 
contained  S  cubic  feet  the  motion  of  the  machine  would  be  the 
same  as  before.  This  is  a  point  none  wiU  controvert.  When 
two  pounds  are  suspended  to  one  end  of  a  string  which  passes 
over  a  pulley,  and  one  poimd  to  the  other  end,  the  velocity  of 
descent  of  the  two  pounds,  vnll  be  the  same  with  that  of  a  four 
pound  weight,  which  is  employed  ^  the  same  manner  to  draw 
up  two  pounds.  Our  machine  would  therefore  continue  to  make 
four  tiuns'in  a  minute,  and  would  deliver  90  cubic  feet  during 
each  turn,  and  S60  in  a  minute.  But,  by  supposition,  it  ^ 
making  only  two  turns  in  a  minute ;  which  must  proceed  from 
a  greater  load  than  3  cubic  feet  of  rimg  water  in  each  ri^i^ 
bucket.  The  machine  must  therefore  be  raising  more  than  QO 
feet  of  water  during  one  turn  of  the  wheel,  and  more  than  180 
in  a  minute. 

Thus  it  appears,  that  if  the  machine  is  turning  twice  as 
slow  as  before,  there  is  more  than  twice  the  former  quantity 
in  the  rising  buckets ;  and  more  will  be  raised  in  a  minute  by 
the  same  expenditure  of  power.  In  like  manner,  if  the  machine 
go  three  limes  as  slow,  there .  must  be  more  than  three  times 
the  former  quantity  in  the  rising  buckets,  and  more  work  will 
be  done. 

Butferdier  we  may  assert,  diat  the  ,miore  we  retard  the.  ma- 
chine to  a  certain  practical  ex  tent,,  by  loading  it  with  9H»e 
work  of  a  ^milar  kind,  the  greater  will. be  its  performance ;  wd 
the  truth  of  the  assertion  may  .be  thus  tdemonstrated :  Lict  us  c^U 
the  first  quanti^  of  water  in  the  rising  bucket,  q;  the  wat^ 
raised  by  four  turns  in  a  minute,  will  be  4  X  30  x  (^  ^ 
120  Q.  The  quantity  in  this  bucket,  when  the  machine  goes 
twice  as  slow,  has  been  shewn  to  be  greater  than  2q  ;  adl  it 
2  g  +  X ;  the  water  rabed  by  two  turns  in  a  minute  will  tb9 
be  e  X  30  X  (2  Q  +  X)  :=:  l«0  Q  +  60  jr.  Suppose,  next, 
the  machine  to  go  4  times  as  slow,  making  but  one  turn  in  a 
minute ;  the  rising  bucket  must  now  contain  more  than  tvrice 
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the  quantity  2e  +  *,  or  more  thai?  4q  +  fiar,  call  it  4^  + 
Zx+y.  The  work  done  by  one  turn  in  a  minate  will  now  be 
SO  X  (4  Q  +  2x  +5^)  =  120  9  +  eox  +  30y.  By  such  an 
induction  of  the  work  accomplished,  with  any  rates  of  motion 
ve  choose,  it  is  evident  that  the  performance  of  the  machine 
increases  with  every  diminution  of  its  velocity  that  is  produced 
by  die  mere  addition  of  a  similar  load  of  work,  or  that  it  does 
the  more  work  the  slower  it  goes.  This  however  b  abstractmg 
from  the  effects  of  the  friction  upon  the  gudgeons  of  the  wheel^ 
a  cause  of  resistance  which  increases  wi^  the  load^  though  not 
in  the  same  ratio. 

The  preceding  discussion  is  sufficient  to  demonstrate,  in  gene- 
ral, the  advantage  of  slow  motion ;  but  does  not,  it  is  confessed, 
point  out  in  any  degree  the  relation  between  therate  of  motion 
and  the  work  performed ;  nor  even  the  principles  on  which  it 
depends.    This,  however,  is  not  necessary  for  the  improvement 
of  practical  mechanics ;  but  it  is  sufficiently  manifest  that  there 
is  not,  in  the  nature  of  things,  a  maximum  of  performance  at- 
tached to  any  particular  rate  of  motion,  which  should,  on  that 
account  be  preferred.    All,  therefore,  we  have  to  do,  is  to  load 
the  machine,  and  thus  to  diminish  its  speed,  unless  other  phy- 
sical circumstances  throw  obstacles  in  the  way :  but  there  are 
such  obstacles ;  for  in  all  machines  there  are  small  inequalities 
of  action,  which  are  unavoidable.    In  the  action  of  a  wheel  and 
pinion,  though  made  with  die  utmost  judgment  and  care,  there 
are  such  inequalities.    These  increase  by  the  changes  of  form 
occasioned  by  the  wearing  of  the  machine ;  and  much  greater 
inequalities  arise  from  the  subsultory  motions  of  cranks,  stamps 
ers,  and  other  parts  which  move  unequably  or  reciprocally. 
Now,  a  machine  may  be  so  loaded  as  just  to  be  in  equilibpo 
with  its  work  in  the  favourable  position  of  its  parts :  and  when 
this  changes  into  one  less  favourable,' the  machine  may  stop,  or 
at  all  events  hobble,  and  work  very  irregularly  :  thus,  the  rub- 
bing parts  bear  long  on  each  other,  with  enormdus  pressures, 
cut  deep  into  one  another,  and  greatly  augment  friction ;  so  that 
such  slow  motions  as  these  must  be  avoided.    A  litde  more  ve- 
locity enables  the  machine  to  overcome  those  increased  tesist- 
ances  by  its  ineitia,  or  the  great  quantity  of  motion  inherent 
in  it :  great  machines  possess  this  advantage  in  a  superibr 
degree,  and  will,  consequently^  work  steadily  with  a  smaller 
vefocity. 

M.  de  Parcieux,  the  inventor  of  the  areometer  described  in 
arts.  401,  &c.  vol.  i.  was,  we  believe,  the  first  who  deduced, 
both  from  theory  and  experiment,  the  important  result  that  the 
work  done  by  a  water-wheel  was  increased  by  diminbhing  its 
velocity.    His  dissertations  on  this  subject  were  first  inserted  in 
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item.  Paris.  Acad.  Sciences,  1754 :  but  lately  the  substance  of 
them  has  appeared  in  various  places.  The  studeut,  bj  turn  log 
to  page  472  of  our  first  volume,  mUI  see  that  Mr.  Smeaton 
arrived  at  the  same  conclusion ;  although  the  greater  extent  and 
variety  of  his  experiments  enabled  him  to  ascertain  that  this 
general  position  was  subject  to  a  limitation  varying  with  cir- 
cumstances, which  a  judicious  engineer  will  always  carefullj 
discriminate. 

2.  Undershot-wheels.  To  this  class  may  be  referred  all  wheels 
in  which  the  motion  of  the  water  is  pnore  rapid  than  that  of  the 
tloat-boards  of  the  wheel,  so  that  the  fluid  impels  them.  The 
theory  of  this  kind  of  water-wheels  being  so  exceedingly  im- 
perfect, we  can  do  little  else  than  recommend  to  the  student  a 
cautious  examination  of  the  experiments  of  Smeaton.  We  have 
little  to  add  to  them  here,  except  some  results  of  De  Parcieux 
and  Bossut,  who  have  shewn  by  very  good  experiments  that  there 
is  a  sensible  advantage  gained  by  inclining  the  float-boards  to  the 
radius  of  the  M'heel  about  20  degrees,  so  that  each  float-board 
when  lowest  shall  not  be  vertical,  but  have  its  edge  turned  up 
the  stream  about  20  degrees.  Such  inclination  causes  the  water 
to  heap  up  along  tlie  float-board,  and  act  by  its  weight :  the 
floats  should  therefore  be  made  much  broader  than  the  vane  of 
water  interrupted  by  them  is  deep. 

Some  engineers  observing  the  great  superiority  of  overshot 
above  undershot-wheels,  driven  by  the  same  expense  of  power, 
have  proposed  to  bring  the  water  home  to  the  lower  part  of  the 
wheel  on  an  even  bottom,  and  to  make  the  float-board  no  deeper 
than  the  aperture  of  the  sluice,  which  Mould  permit  the  water 
to  run  out.  The  wheel  they  propose  to  be  fitted  with  a  close 
.  9ole  and  sides,  exactly  fitted  to  the  end  of  this  trough,  so  that 
if  the  wheel  is  at  rest,  the  water  may  be  dammed  up  by  the  sole 
pxid  float-board :  it  will,  therefore,  press  forward  the  float-board 
>ivith  the  whole  force  of  the  head  of  water.  But  this,  however 
specious,  cannot  answer ;  for  if  we  suppose  no  float-boards,  the 
"Water  will  flow  out  at  the  bottom,  propelled  in  ihe  manner 
these  gentlemen  siippose ;  and  it  will  be  supplied  from  behind, 
the  water  coming  slowly  from  all  parts  of  the  trough  to  the  hole 
below  the  wheel.  But  now  add  the  floats,  and  suppose  the 
wheel  in  motion  witb  the  velocity  that  is  expected.  The  oth«r 
floats  must  drag  into  motion  all  the  water  which  lies  between 
them,  giving  to  the  greatest' part  of  it  a  motion  far  greater  than 
it  would  have  taken  in  consequence  of  the  pressure  of  the  water 
behind  it ;  and  the  water  out  of  the  reach  of  the  floats  will  re- 
main still,  which  it  would  not  have  done  independent  of  the 
float-boards  above  it,  because  it  would  have  contributed  to  the 
expense  of  the  hole.     So  that  the  motion  wliich  the  wheel  will 
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acquire  by  this  construction^  must  be  widely  different  from  what 
its  projectors  suppose. 

As  far  as  we  are  able  to  judge^  the  best  way  of  delivering  the 
'water  on  an  undershot-wheel  in  a  close  mill  course  is,  to  let  it 
slide  down  a  very  smooth  channel,  without  touching  the  wheel 
till  near  its  bottom,  where  the  wheel  should  be  exactly  fitted  to 
the  course;  or,  to  make  the  floats  much  broader  than  the  depth 
of  the  vein  of  water  that  glides  down  the  course,  and  allow  it 
to  be  partly  intercepted  by  the  first  floats,  and  heap  up  along 
them,  acting  by  its  weight,  after  its  impulse  has  been  ex- 
pended. If  the  bottom  of  the  course  be  an  arch  of  a  circle 
described  with  a  radius  much  greater  than  that  of  the  wheel, 
the  water  which  slides  down  will  be  thus  gradually  intercepted 
by  the  floats. 

Attempts  have  been  made  to  construct  water-wheels  which 
receive  the  impulse  obliquely,  like  the  sails  of  a*  common  wind- 
mill. This  would,  in  many  situations,  be  a  great  advantage. 
A  very  slow  but  deep  river  could  in  this  manner  be  made  to 
drive  our  mills ;  and  aldiough  much  power  is  lost  by  the  obli- 

Juity  of  the  impulse,  the  remainder  may  be  very  great.  Dr. 
tobison  speaks  of  a  wheel  of  this  kind  which  was  very  power- 
ful :  it  was  a  long  cylindrical  frame,  having  a  plate  standmg 
out  from  it  about  a  foot  broad,  and  surrounding  it  with  a  venr 
oblique  spiral,  like  a  corkscrew.  This  was  immersed  about  \m 
of  its  diameter  (which  was  nearly  12  feet),  having  its  axis  in  the 
direction  of  the  stream.  By  die  work  which  it  was  performing, 
it  seemed  more  powerful  than  a  common  wheel  which  occupied 
the  same  breadth  of  the  river.  Its  length  was  not  less  than  9,0 
feet :  had  it  been  twice  as  much,  it  would  have  nearly  doubled 
its  power  without  occupying  more  of  the  waterway.  Perhaps 
such  a  spiral,  continued  quite  to  the  axis,  and  moving  in  a  hoU 
low  canal  wholly  filled  by  the  stream,  might  be  a  very  advanta- 
geous way  of  employing  a  deep  and  slow  current. 

In  July,  1803,  Mr.  John  Norton,  of  Rolls-buildings,  took 
out  a  patent  for  an  improvement  in  the  construction  of  water- 
mills,  which  is  exactly  this  of  the  spired  wheel :  how  far  an  in- 
vention which  had  been  publicly  described  seven  years  before 
in  the  Encyclopedia  Britannica  ought,  to  be  secured  to  Mr. 
Norton  by  a  patent,  we  need  not  decide. 

An  undershot-wheel,  with  oblique  float-boards,  was  invented 
by  the  late  Mr.  Besant,  of  Brompton;  on  whose  vddow  the 
Society  of  Arts,  8Cc.  in  1 80 1 ,  conferred  a  reward  of  ten  guineas : 
and,  as  it  promises  to  be  of  great  service  in  many  situations,  w« 
have  given  a  representation  of  it  in  pi.  XXXV. 

Fig.  7.  A,  represents  the  body  of  the  water-wheel,  which  is 
hollow,  in  the  form  of  a  drum,  and  is  so  constructed  as  to  resist 
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the  admisttOD  of  irater.  b»  is  the  axis  oa  whieh  Ae  wheel  tornr^ 
e,  the  float-boards,  placed  on  the  peripberj  of  die  wheel,  eacit 
of  which  is  firmlj  fixed  to  its  rim,  aod  to  the  body  of  the  drum^ 
in  an  oblique  direction,  d,  is  the  reservoir,  that  contains  tbr 
water,  e,  the  peu-stpck,  for  regulating  the  quantity  of  water 
which  runs  to  the  wheel,  r,  represents  the  cuneot  that  ba^ 
passed  such  wheel. 

Fig.  8.  is  a  front  view  of  the  water-whee^  exhibiting  tbe  oU- 
lique  direction  in  which  the  iloat-boards,  c,  are  placed. 

In  the  common  watcr^<whecl8,  more  than  half  tbe  qnantitj 
of  that  fluid  passes  from  the  gate  through  the  wheel,  willioiit 
affording  it  any  assistance  :  the  action  of  the  floats  is  resisted 
by  the  incnrabeut  atmosphere,  at  the  moment  when  these  leave 
the  surface  of  the  tail-water ;  and,  as  a  s'miilar  prop^Mtion  of 
water  with  that  ^v^^i^l^  {lassed  between  the  floats  at  tbe  bead, 
necessarily  flows  btitwc^n  them  at  the  tail,  the  motion  of  the 
wheel  is  greatly  impeded.     On  the  contrary,  by  Mr.  Besant*s 
contrivance,  no  water  can  pa&s,  excepting  that  which  acta  with 
all  its  force  on  the  extreinity  of  the  wheel ^  and,  as  the  4oat» 
emerge  from  the  water  in  an  obliaue  direction^  the  weight  of 
the  atmosphere  is  thus  prevented  from  taking  any  effect.     Al- 
though his  new  wheel  is  considerably  heavier  than  those  con- 
structed on  the  old  plan,  yet  it  revolves  more  ea^y  on  its  axis; 
the  water  having  a  tendency  to  float  it.     Lastly,  repeated  ex- 
periments have  proved  Mr.  fiesant's  wheel  to  be  so  decidedly 
superior,  that,  when  working  in  deep  tail-water,  it  will  carry 
weights  in  the  proportion  of  three  to  one ;  on  which  account  il 
will  be  particularly  serviceable  to  tide-mills.     Sec  TiD£-m///i. 
Mills  with  oblique  floats  are  most  useful  for  employing  small 
streams*  which  can  be  delivered  from  a  spout  with  a  great  Telo- 
city.    M-Bossut  has  considered  these  with  much  attentioii, 
and  has  ascertained  the  best  modes  of  construction.    There  are 
two  which  have  neaiiy  equal  performances  :  I.  The  vanes  be- 
ing placed  like  those  of  a  wind-mill  round  the  rim  of  a  hori- 
zontal or  vertical  wheel,  and  being  made  much  broader  than 
the  vein  of  water  which  is  to  strike  them  perpeDdicularly .     By 
these  means  it  will  be  spread  about  on  the  vane  in  a  thin  sheet, 
and  exert  a  pressure  nearly  equal  to  twice  tbe  weight  of  a  co- 
lumn, whose  base  is  the  orifice  of  the  spout,  and  whoee  Iraght 
is  the  fall  nroducing  the  velocity,    ^ills  of  diis  kind  are  much 
in  use  ui  the  south  of  Europe.    Tlie  wheel  is  horizontal,  and 
the  vertical  axis  carries  the  mill-stone ;  so  that  the  mill  b  of 
the  utmost  simplicity,  and  this  is  no  small  recommendation. 
Drawings   of  such  mills  may  be  seen  in  RmieUi,  Bockler, 
Leopold,  and  Btlidor.     See  also  Boaut  de  Uj/irod^namique, 
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^^  Hie  vwn^  may  h%  amiiiged  roond  tlie  rim  of  the  wh^), 
not  like  the  mUs  of  a'  urmd-nully  but  |Q  planes  inclining  to  die 
rmim,  tboiiglipaFallel  to  the  axm,  or  to' the  planes  passing  through 
Ae  axis.  Iney  may  either  stand  on  a  sole,  like  the  oblique 
Aoats  recomtneMied  bjr'De  Parcienx,  as  before  mentioned ;  or 
diey  miy  ^taild  on  tiie  side  of  the  rim,  not  pointing  to  the  axis> 
but  aside  from  it  This  disposition  wUi  admit  oiF  the  spoUt 
being  more  oonveniently  di^sed  either  for  a  horizontal  or  a 
vertical  wheel. 

About  fke  year  1746,  a  Mr.  Williams,  of  Norwich,  devised 
a  water-wheel  with  oblique  floats,  of  which  several  sets  at 
pleasure  were  arranged  at  suitable  distances  upon  one  and  the 
aame  horizontal  axle.  Hiis  wheel  could  be  used  ad^tageously 
where  no  head  of  water  could  be  procured,  and  the  current  ran 
very  slowly;  The  description  of  Ais  contrivance  was  given  in 
ttie  PkiL  Tran$a€.  No.  V79  (Nmif  Akridg^mtnt.VKn  34.)  in 
terms  nearly  as  bekiw. 

The  horizontal  axis  i»  cut  into  the  fornt  of  ah  hexangulaf 
prism,  of  dimensions  suitable  to  tbe  force  required.  Into  this 
several  sets  of  reetatigular  holes  are  mortised,  surround'mg  it,  or 
arranged  at  equal  distances  when  measiured  aJong  the  face  of  tht 
prism.  Tliese  holes  are  intended  to  receive  different  sets  of 
sa'ds  made  of  ir<m  plates,  nearly  4  times  as  long  as  they  are 
broad,  all  which  sails  are  weathered  in  the  same  manner  as 
those  desimed  for  wind-mills ;  only  in  these  they  arc  graduall^f 
eowed  till  the  extremities  of  their  ends  stand  parallel  to  the 
planeaof  each  end  of  the  axis;  viz.  those  ends  which  are  £sr- 
ihest  from  the  centre.  This  hexangular  axle  nmst,  when  em^^ 
ployed,  be  placed  parallel  to  the  moving  stream,  and  may  lie 
even  with  its  surface ;  but  the  engine  wiU  act  most  vigorously 
when  it  and  all  the  sails  employed,  are  entirely  under  water. . 
Baoh  set  of  these  sails  contains  6  in  number,  t>eing  placed  or- 
derly, one  in  each  side  of  the  prism,  and  are  so  contrived  as  to 
be  pat  in  and  taken  put  at  pleasure.  Whence  it  is  concluded, 
that  when  a  single  set  of  sails  is  made  use  of,  the  engine  pro^ 
daces  a  single  effect ;  when  2  sets,  a  double ;  and  so  on,  till  the 
desired  momentum  is  acquired,  witli  the  same  quantity  of 
running  water,  provided  there  be  room  to  fix  a  sufficient  num- 
ber of  sails.  It  is  farther  to  be  observed,  that  when  this  engine 
'^s  placed  with  its  sails  made  and  weathered  as  above  directed, 
thqr  will  ^aove  with  equal  velocity,  even  supposing  the  current 
should  change  its  course,  and  come  upon  them  in  quite  a 
contrary  direction ;  as  happens  in  rivers  where  the  tide  ebbs 
and  flows. 

A  model  of  dns  wheel  was  tried  in  the  river  at  Norwich.    It 
was  fixed  In  a  place  ivhert  the  water  moved  only  27  feet  in  90 
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seconds,  in  which  time  the  firit  mover  nilde  frrerolutiofis:  ttm 
diameter  was  no  more  than  26  inches ;  yet  it  was  capable  o^' 
lifting  14  pounds,  2  yards  Ugh,  in  the  time  just  specified.  Tlie. 
circumference  of  Uie  first  mover  passed  through  a  space  of  4S 
feet  in  20  seconds,  so  that  its  velocity  was  nearly  twice  that  of 
the  stream.  And  as  the  momentum  will  be  neavly  in  propor- 
tion to  the  number  of  the  sets  of  sails  that  are  employed,  ita 
effective  force  is  capable  of  being  greatly  augmented,  while  die 
quantity  of  water  remains  the  same. 

We  hate  not  been  able  to  ascertain  wfaedier  this  expedient 
of  Mr.  Williams  has  been  often  tried  ;  but  we  have  thought  it 
right  to  describe  it  here,  as  it  may  furnish  a  hint  whkh  may 
probably  be  turned  to  advantage  by  a  skilful  ei^ineeivespeoiallj 
m  the  erection  of  tide^milU. 

Floating  Water-mills.  Although  we  are  in  thb  coontry 
provided  with  many  contrivances^  in  which  die  different  powers 
of  water,  steam,  wind,  and  animal  force,  have  been  snoceaafalfy 
applied  to' the  purpose  of  grinding  eom  into  floor,  yet  we  have 
not,  till  very  lately,  met  y/vith  Jhating  wakr-^mUU  to  be  worked 
by  tides  or  currents;  and  which  are  moreover  designed  to 
put  in  motion  machinery  adapted  to  any  kind  of  mannfactarer— 
Messrs.  Polfreemao,  of  Long-acre,  in  conjunction  with  Messrs. 
Allen,  Fossenden,  and  Gray,  have  purchased  the  patent-right  of 
Mr.  Hawkins,  and  have  lately  completed  one  ii  those  miUs ; 
which,  by  permission  of  the  Board  of  Navigation,  is  slatiancd 
between  London  and  Blackfriars-bridge.  Such  grant  was  ob- 
tained with  the  laudable  view  of  reducing,  if  possMe,  the  price 
of  flour  in  the  metropolis,  and  furnishing  a  constoit  supply  of 
that  necessary  article  of  subsistence. — ^The  simpUcHy  of  t4is  io» 
vention  renders  along  description  superfluous :  as  it  consist* in 
merely  applying  the  force  of  two  or  three  water- wheek  oneadi 
side  of  a  barge,  or  any  other  vessel  better  calculated  to  contain  * 
the  interior  part  of  the  machinery.  Were  several  mills  of  thn 
kind  to  be  stationed  on  the  Thames,  or  any  other  river  where  the 
tide  ebbs  and  flows,  there  would  doubtless  be  numerous  advan- 
tages result;  for  they  will  be  far  less  expensive  than  steam- 
engines  in  the  original  erection,  besides  that  they  would  lead 
to  a  considerable  annual  saviog  in  the  important  article  of 
coals. 

Some  other  remarks  connected  with  the  subject  of  vrater* 
mills  will  be  found  under  the  vrords  Flour-mill8«  Pen- 
stock, Stream-measurers,  and  Tide-mills,  in  this  vo- 
lume :  and  chaps.  S.  and  4.  book  iv.  of  our  first  volume.  For 
farther  information,  consult  Fabre  sur  Us  Machines  Hydraw* 
Uqms^  Langsdorfs  Hondbuch  der  MascAinenlehre,  iweyter 
band.  Dr.  Brewster's  useful  additions  to  Ferguson's  Lectures^ 
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•r  some  other  of  the  treatises  mentioned  in  the  catalogue  under 
the  word  Mill. 

WEIGHING-BNGiNEs,  are  often  constructed  in  order  to 
ascertain  the  weight  of  the  loads  on  waggons  and  carts  passing 
along  turnpike  roads.  To  prevent  the  roads  from  bemg  too' 
mudb  worn,  it  has  been  found  expedient  to  fix  by  an  act  of 
parliament  a  certain  load  for  each  breadth  of  wheel ;  and,  that" 
such  loads  may  not  be  exceeded,  there  are  weighing-machines 
at  several  of  die  toH-gates,  by  which  the  loads  of  the  several 
waggons,  &c.  passing  through  them  can  be  determined. 

In  some  of  these  machines  the  contrivance  is  such,  that  the' 
oafriage  whose  load  is  to  be  weighed  is  lifted  clear  froth  the 
ground,  by  means  of  four  strong  chains  and  hooks  attached  to  U 
large  steel-yard,  whose  fulcrum  is  raised  commonly  by  a  com- 
bination of  tooth  and  pinion-work,  moved  by  a  winch-handle : 
but  it  is  far  better  to  have  the  business  performed  by  means  of 
apparatus  placed  under  a  horizontal  frame  on  which  the  carriage 
■nay  be  drawn. 

The  most  compendious  and  economical  machine  of  this  kind 
that  we  have  seen  is  one,  first  used  for  weighing  the  riders  of 
race-horses,  and  afterwards  applied  to  die  more  reputable  ser- 
vice of  weighing  loaded  carriages. 

Fiff.  5.  pL  XXXVII.  is  a  plan  of  die  machine;  klicn  b 
the  plan  of  a  rectangular  box,  which  has  a  platform  ltd  or  cover, 
of  size  8u£Bcient  for  placing  the  v^eels  of  a  cart  or  waggon. 
The  box  is  about  a  foot  deep,  and  is  sunk  into  the  ground  tiH' 
the  plalform-cover  i^  even  with  the  surface.  In  the  middle  of 
the  box  is  an  iron  )ever  supported  on  the  fulcruni  pin  ik,  formed 
like  the  nail  of  a  balance,  which  rests  with  its  edge  on  arches  of 
haideaed  steel  firmly  fastened  to  the  bottom  of  the  box.  This 
levee  goes  through  one  sidfe  of  the  box,  and  b  fumbhed  at  its 
«  extremity  with  a  hard  steel  pin  Im,  also  formed  to  an  edge 
l^elow.  In  die  very  middle  of  the  box  it  is  crossed  by  a  third 
nail  of  hardened  steel  gA,  also  formed  to  an  edge,  but  on  the 
upp^  side.  The^e  three  edges  are  in  one  horizontal  plane^  as 
in  a  well  made  balance. 

In  the  four  comers  a,  a',  b',  b,  of  the  box  are  firmly  fixed 
four  blocks  of  tempered  steel,  having  their  upper  surfaces  form- 
ed into  spherical  caviues,  well  polished  and  hard  tempered. ' 
ABCDB  represents  the  upper  edge  of  an  iron  bar  of  consi- 
derable strength,  which  rests  op  the  cavides  of  the  steel-blocks 
in  A  and  £,  by  means  of  two  hard  steel  studs  projecting  from  its 
ander  edge,  and  formed  into  obtuse-ancled  points  or  cones* 
These  pomts  are  in  a  straight  line  parallel  to  the  side  <:n  of  the 
box.  The  middle  part  c  of  thb  crooked  bar  b  fftced  with  hard- 
tismpered  steel  bdow,  and  b  diere  formed  into  an  edge  parall^ 
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to  A&  and  KN,  b^  which  it  retU  on  die  upper  ei^  of  Ae  steel 
pingAy  which  is  m  the  lever.  In  a  line  parallel  to  Ab,  mmd  on 
the  upper  side  of  the  crooked  bar  acSj  are  fixed  two  ^tuds  or 
points  of  hardened  steel  b  and  d  projeclbg  upwards  above  half 
an  inch.  The  platform-cover  has  four  short  feet  like  a  stoolp 
terminated  by  hard  steel  studs,  which  are  shaped  into  spherical 
cavities  and  well  polished.  With  these  it  retHs onUiQ  four  Ited 
points  B,  b\  d\  p.  The  bar  ace  is  kn^  in  suck  a  mail- 
Ber  vertically,  that  th^  points  a,m^  !>,£»  and  the  edge  c,  are 
all  in  a  horizontal  pla^e.  These  particulars  will  be  better  un^ 
derstood  by  lookiiig  at  the  elevation  in  fig.  6.  What  baa  been 
said  of  the  bar  acb  must  be  understo^  as  also  said  of  the 
bar  A'cV. 

Draw  through  the  centre  of  the  box  the  line  abc  perpen- 
dicular to  the  Tine  ab^  ud.  It  is  evident  that  the  bar  acb  is 
e^uivaleut  to  a  lever  a^c,  having,  the  fulcruvi  or  axis  ab 
restmg  with  its  extremity  c  on  the  pin  ig^  ai^d  loaded  a|  k 
It  b  ^BO  evident  that  ac  is  to  ab  as  the  load  on  this  le^  to 
the  pressure  which  it  exerts  on  the  ipingh,  and.  that  the  BSfikt 
proportion  subsists  between  the  whole  load  on  the  platform,  aiad 
the  pressure  which  it  exerts  on  the  pin^A.  It  will  also  appear, 
on  an  attentive  consideration,  that  this  prooortion  is  no  wise 
deranged  in  whatever  tnanner  the  load  is  placed  on  the  pbt- 
form.  If  very  uiiequably,  tlie  two  eads  of  the  pin  gk  may  be 
unequally  pres^,and  the  lever  wrenched  and  strained  a  little; 
but  the  total  pressure  is  not  changed. 

If  there  be  now  placed  a  balance  or  steel*yard  at  the  side  LX, 
in  such  a  manner  tliat  one  end  of  it  may  be  directly  above  the 
pin  Im  in  the  end  of  the  lever  kdf,  lliey  may  be  connected  by 
a  wire  or  slender  rod,  and  a  weight  on  the  other  arm  of  the 
balance  or  steel-yard  may  be  put. in  equilibrio  with  any  load  that 
can  be  laid  on  the  platform.  A  small  counterpoise  being  first 
hung  on  to  balance  the  apparatus  when  unloaded,  any  additional 
weight  will  measure  the  load  really  laid  on  the  platform.  l(ab 
be  to  €fc  as  I  to  8,  mid  ^q  to  £f  also  as  1  to  8,  and  tf  a  com* 
mon  balance  be  used  above,  64  pounds  on  the  platform  will  be 
balanced  by  one  pound  in  the  scale,  andj  every  pound  will  be 
balanced  by  one-fourth  of  an  ounce*  This  would  be  a  wry 
convenient  partition  for  most  purposes,  as  it  would  ettable  «•  la 
use  a  common  balance  and  common  weights  to  complete  Ibe 
machine :  or  it  may  be  made  with  a  bakoce  of  unequal ; 
or  with  a  steel-yard. 

Some  have  thou|ht  to  improve  this  instrument  by  using  < 
like  those  of  the  nads  of  a  iMdance  instead  of  pomts.  But  nakmi 
made  with  uncommon  accuracy,  they  will  render  ibe  balance 
very  dull*    The  small  deviation  of  the  two  ec^es  a  wd  b,  o» 
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mf  B  and  D,  ii*diii  f>erTect  parallelbrfi  to  Kl<t,  is  equivalent  to  a 
broad  surface  eaual  to  the  whole  deviation.  We  unagine  that, 
Svitb  no  extraordinary  care,  the  machine  may  be  made  to  weigh 
^thin  T^^th  of  the  truth,  which  is  «sact  enough  for  any 
purpose  in  commerce. 

It  18  necessary  that  the  points  be  attached  to  the  bars.  Some 
^ave  put  the  points  at  a  and  E  in  the  blocks  of  steel  fastened  to 
the  bottom,  because  the  cavity  there  lodged  water  or  dirt,  which 
doon  destroyed  the  instrument  with  rtist.  But  this  occasions  a 
change  of  proportion  in  the  first  lever  by  any  shifting  of  the 
crooked  bars  :  and  tliis  will  frequendy  happen  when  the  wheels 
of  a  loaded  cart  are  pushed  on  the  platform.  The  cavity  in  the 
«teel  stud  should  have  a  little  rim  round  it,  and  it  should  be  kept 
full  of  oil.  In  a  niee  n^achine  a  quarter  of  an  inch  of  quicksilver 
would  effectually  prevent  all  these  inconveniences* 

The  simplest  and  most  economical  form  of  this  machine  is 
to  have  n6  balance  or  second  steel-yard ;  but  to  make  the  first 
steel-yard  Eor  a  lever  of  the  first  kind,  viz.  having  the  ful- 
crum between  o  and  f,  and  allow  it  to  project  far  beyond  the 
box.  The  long  or  outward  arm  of  this  lever  is  then  divided 
into  a  scale  of  weights,  commencing  at  the  side  of  the  box.  A 
counterpoise  must  be  chosen,  such  as  will,  when  at  the  begin- 
ning  of  the  scale,  balance  the  smallest  load  tnat  will  probably  be 
examined.  It  will  be  convenient  to  carry  oi;  this  scale  by  means 
of  eke  weights  hung  on  at  the  extremity  of  the  lever,  and  to  use 
but  one  moveable  weight.  By  this  method  the  divisions  of  the 
scale  will  have' always  one  value.  The  best  arrangement  is -as 
follows :  place  the  mark  0  at  the  beginniug  of  the  scale,  and 
let  it  extend  only  to  100,  if  for  pounds;  or  to  112,  if  for  cwls. ; 
or  to  10  if  for  atones;  and  let  the  eke-weights  be  numbered 
1,  2,  3,  &c.  Let  the  lowest  weight  be  marked  on  the  beam. 
This  is  always  to  be  added  to  the  weight  shown  by  the  opera- 
tion* Let  the  eke-weights  stand  at  the  end  of  the  beam,  and 
let  the  general  counterpoise  always  hang  at  0.  When  the  cart 
is  put  on  the  platform,  the  end  of  tlie  beam  tilts  up.  Hang  on 
the  heaviest  eke-weight  that  is  not  sufficient  to  press  it  down. 
Now  complete  the  balance  by  sliding  out  the  counterpobe. 
Suppose  the. constant  load  to  be  312  lbs.    diat  the  counter- 

C>ise  stands  at  86,  and  that  the  eke-weight  is  9 ;  we  have  the 
ad  =  &86  -f-  312,  =  1298  lbs. 

VfEtmiiXG-apparatus/or  goods.  Account  of  a  new  patent 
vi^eighing-apparatus,  invented  by  Mr.  Uardie,  of  the  Bengal 
warehouse. 

Aldiouffh  the  operation  of  weighing  ^oods  for  sale  or  pay- 
ment of  duty  reqmres  to  be  conducted  m  the  way  best  calcu- 
lated to  avoid  mistakes,  yet  we  find  that  the  several  modes  now 
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in  use  are  subject  to  frequent  error,  through  the  comfdicated 
process  of  reckoning  the  totals  of  hundreds,  quarters,  and  pounds 
respectively,  and  retaining  them  in  memory  until  called  to  the 
book-keepers,  generally  amidst  the  busde  .of  porters,  carmen, 
cranemen,  and  others,  at  a  time  when  the  laborious  exertions  of 
lifting  the  heavy  weights  on  and  off  the  board  render  the  weigbers 
incapable  of  the  close  attention  which  an  accurate  performaDce 
of  the  operation  demands. 

Experience  shews,  that  in  cases  of  mensuration  the  use  of  a 
scale  greatly  contributes  both  to  accuracy  and  dispatch.  Mr^ 
Hardie,  therefore,  by  means  of  giving  the  weights  a  certain 
form,  has  converted  the  operation  of  weighing  into  an  opera* 
tion  of  mensuration,  for  the  purpose  of  obtaining  the  important 
advantages  of  a  scale  in  die  following  manner,  viz. 

Fig.  1.  pi.  XXXII.  Plan  of  a  board  for  the  weights,  about 
S8  inches  by  32  inches,  capable  of  weighing  a  ton,  on  which  are 
delineated  two  scales,  one  of  larger  divisions  for  the  half-hundred 
weights,  and  the  other  of  smaller  divisions  for  the  pound 
we^hts. 

Fig.  2.  Plan  of  a  half-hundred  weight  of  cast-iron.  A  an 
excavation  forming  the  handle  without  projecting. 

Fig.  S.  Elevation  of  a  half-hundred  weight,  a  an  excava* 
tion  rorming  the  handle,  with  b  a  hole  fqr  lead  to  adjust  it. 

Fig.  4  and  5.  Plans  of  two  half-hundred  weights,  shewing 
the  manner  they  are  placed  to  fill  a  si^uare  allotted  for  the 
amount  of  one  hundred  weight. 

Fig.  6.  End  elevation  of  the  pound  weights  of  brass  fitted 
to  the  scale  of  one  inch  to  a  pound,  the  part  scooped  out  at  the 
sides  being  to  receive  the  points  of  the  fingers  and  thumb  to  lift 
them  without  handles. 

The  larger  weights  are  placed  on  their  particular  scale  be- 
ginning at  A  on  the  left,  and  proceeding  to  the  right,  and  so  on 
with  each  row.  The  first  ^hundred  weight  covers  the  blank 
square;  the  second,  the  square  marked  1;  the  third,  that  marked 
2 ;  and  so  on,  respectively. 

The  pound  M'eights  are  placed  on  their  particular  scale,  be* 
ginning  at  b  on  the  left,  and  proceeding  to  the  right. 

There  is  no  scale  for  the  quarter  weights,  being  at  moit 
only  two  ill  number,  namely,  a  half-hundred  weight  and  a 
quarter-hundred  weight,  of  which  the  total  is  evident  by  mere 
inspection,  and  which  may  be  of  any  convenient  shape,  and 
placed  conspicuously  above  .the  two  weights  which  complete 
the  hundreds.  The  totals  of  the  hundreds  and  pounds  iue^ 
indicated  by  the  numbers  next  to  the  weights  respectively  on 
the  right  hand.  Hence  it  follows  that  the  amounts  of  the 
weights  on  the  boards  in  hundreds,  quarters,  and  pounds,  are 
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accuraftdy  known  to  die  w^^ers  by  mere  inspection ;  and  that 
tbe  book-keeper  has  it  in  bis  power,  widi  a  glance,  to  discover 
whether  the  weighers  call  the  proper  weight ;  which  is  imprac- 
ticable by  the  present  modes  of  weighing.  Boards  for  weighing 
smaller  quantities  than  a  ton  might  be  made  on  the  same 
principle,  for  weights  of  the  same  dimensions,  with  scales 
adapted  to  the  size  of  the  board.  It  is  to  be  understood  that 
the  weighing  is  performed  without  "  striking  the  wekhts," 
which  is  tbe  common  phrase  for  lifting  all  the  weights  off  the 
board  each  operation :  therefore  an  appropriate  mode,  according 
to  situation  and  circumstances,  must  be  adopted  to  support  tbe 
board  with  the  weights,  while  the  package  weighed  is  removing 
from  its  board  to  give  place  to  another ;  when,  in  some  instances, 
the  largeness  of  die  packas^  bulges  out  the  ropes  of  the  board, 
rendering  it  necessary  to  raise  the  board  with  the  weights  a  little 
higher.     In  some  cases  the  prop,  fig.  7.,  will  answer  the  pur- 

{>08e,  the  pinion  being  moved  by  a  winch.  In  other  cases  the 
ever,  fig.  8.,  might  be  adopted,  and  in  particular  instances,  the 
whole  beam  and  scales,  with  the  goods  and  weights,  might  be 
ra^ed  and  lowered  by  the  lever,  fig.  9.,  assisted  by  the  wheel 
andpinion. 

The  greatest  individual  weight,  for  the  purpose  of  beinf^ 
portable,  is  a  half-hundred  weight*  The  common  balance  is 
used  with  this  weighing  apparatus,  as  it  proves  to  be  the  best 
kmd  of  balance  known ;  being  more  true  for  very  ponderous 
bodies  than  the  steelyard,  which  is  sometimes  used  where  gr^at 
accuracy  is  not  required.  When  a  very  light  package  is  .to  be 
weighed  with  a  board  adapted  for  a  much  greater  weight,  a 
hook  and  eye  are  to  be  used  at  each  of  the  two  cords,  suspend- 
ing the  board  for  the  weights  at  a  and  c,  in  order  to  shorten* 
them  and  prevent  the  board  from  leaning  to  one  side.  Where 
a  chain  instead  of  a  rope  is  used,  one  of  its  links  will  serve  as  an 
eye  to  the  hook* 

WH££LS  acting  upon  each  other  are  the  instruments  by 
which  the  transmission  of  mechanic  force  from  one  part  of  a 
system  of  machinery  to  another  is  commonly  and  conveniently 
effected.  The  due  connexion  of  the  moving  parts  is  accom- 
plished, either  by  tbe  mutual  action  of  proper  formed  teeth 
(see  the  article  teeth  in  this  volume),  by  straps  or  endless 
bands,  or  by  the  friction  of  one  face  of  a  wheel  against  another. 
The  latter  method  has,  when  adopted,  been  generally  in  small 
light  works,  where  the  pressure  upon  the  different  parts  of  the 
machinery  is  never  considerable. .  Mr.  Nicholson  saw  a  draw- 
ing of  a  spinning-wheel  for  children,  at  a  charity  school,  in  which 
a  large  horizontal  wheel, with  a  slip  of  buff-leather  glued  on  its 
upper  surface,  near  the  outer  edge,  drove  1 2  spindles,  at  which 
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tfie  sQtne  mimb^  of  children  sat  The  spindles  had  ead^  a 
small  rdler  likewise  faced  with  leather,  and  were  capable,  by 
aneasy  and  instantaneous  motioD,  of  being  thrown  into  contact 
with  the  lai^e  ^heel  at  frfeasure.  Each  child,  therefore,  coald 
tfirow  her. own  part  of  the- apparatus  into  ^ork,  or  cause  it  to 
stop,  as  often  or  as  long  as  she  pleased.  The  winding  bobbins 
for  yarn  at  the  cotton-mills  operate  on  the  .same  simple  and 
elegant  principle,  which  possesses  the  advantage  of  drawing  the 
thread  with  an  equal  velocity,  whatever  may  be  the  quantity  on 
the  bobbin,  and  cannot  break  it.  We  are  not  aware  Aat  the 
same  mode  of  communication  has  been  adopted  in  large  works, 
except  in  a  saw-mill,  by  Mr.  Taylor,  of  Soudiampton.  In 
this  the  wheels  act  upon  each  other  by  the  contact  of  the  end 
grain  of  wood  tnst^  of  cogs :  die  whole  makes  verjr  little 
noise,  and  wears  very  well :  it  has  now  been  in  use  nearly  twenty 
yetrs.  There  is,  of  consequence,  a  contrivance  to  make  the 
wheels  bear  firm  agunst  each  other,  either  by  wedges  at  the 
socket^,^  or  by  levers.  This  principle  and  method  of  trans- 
mitting mechanic  power  certainly  deserves  every  attention; 
particularly  as  the  customary  mode  by  means  of  teetk  requires 
much  skill  and  care  in  the  execution ;  and^  after  all,  wants  fre* 
quent  repairs. 

WIND-MILL,  as  its  name  imports,  a  mill  for  any  purpose 
which  receives  its  motion  from  the  impulse  of  the  wind. 

The  internal  structure  of  wind-mills  are,  of  course,  miKdi 
ibesame  as  those  of  water-mills:  the  difference  between  diem 
lying  chiefly  in  the  exterior  apparatus,  the  one  to  receive  the 
force  of  the  water,  the. other  that  of  the  wind.  The  external 
apparatus  in  a  wind-mill  consists  chiefly  of  the  sails  or  vanes, 
wuch  are  commonly  four,  placed  in  nearly  a  vertical  position, 
andos^  they  turn  giving  a  rotatory  motion  to  an  axis  inclming  but 
a  little  from  the  horizon.  The  usual  construction  and  appear- 
ance of  the  sails  b  too  well  known  to  need  any  minute  descrip- 
tion ;  though  it  may  be  expected  that  we  shall  treat  a  little  of  the 
method  of  weathering  the  sails,  &c.  Now  a  pretty  distinct 
idea  #f  the  surface  of  wind-mill  sails  may  be  obtained  by  con- 
ceiving a  number  of  triangles  standing  perpendicular  to  the 
horizon,  in  which  the  angle  contained  between  the  hypotfaenuse 
and  the  base  is  constantly  diminishm^:  the  hypotheuuse  of  each 
triangle  w  ill  then  be  in  *the  superficies  of  the  vane,  and  they 
would  form  that  superficies  if  their  number  were  infinite. 

Mr.  Richard  Hall  Gower^  a  gentleman  in  tiie  sea  service  of 
the  East  India  Company,  made  some  judicious  experiments  with 
a  view  of  determining  the  proper  angles  of  ^'eather  v^iich  ought 
to  be  given  to  the  vanes  of  a  vertical  wind-mill :  his  general  con- 
elusion  is,  that  each  vane  should  be  a  spiral  generated  by  the 
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circular  motioa  of  a  radius,  aad  of  a  lint  itiOTing  at  right  angiea 
to  the  plane  of  the  circular  motion.  The.  coustructioa  fae 
deduces  from  bis  enauiries  is  simple,  bmg  this:  Tbe  length) 
breadth,  and  angle  of  weather  at  die  eitremity  of  a  vane  being 
given;  to  determine. the  angles  of  weather  at  different  distances 
from  the  centre. 

Let  AB,  fig.  9.  pi.  XXXY.  be  die  leogdi  of  the  vane;  bc  its 
breadth:  and  bcd  the  angle  of  weadier  at  the  extrenuly  of  the 
van^  equal  to  20  degrees*  With  the  lensth  of  the  vane  ab,  and 
breadth  bc»  construct  the  Isosceles  triangle  abc  :  from  the  poiBt 
B  draw  Bb  perpeadicutal- to  cb,  then  Bois  the  proper  depth  of 
the  vane. 

Divide  the  Ime  A  B  into  any  number  of  paits  ^ve,  fbrinstaiice); 
at  those  divisions  draw  the  lines  im  %v^  So^  and  4Hy  parallel  to 
the  Fme  bc  ^  also  from  the  points  of  divimon  1,  2,  S,  and  4, 
draw  the  lines  1 1,  %Xf  Sl,  and  4m,  perpen^ular  to  1  e,  8f,  5g, 
8u:.  all  of  them  equal  in  length  to  bo.  Jom  si,  ys,  gi.,  and 
HM :  then  the  angles  ixi^  2fx,  3ol,  and  4bm,  are  the  aneles  of 
weather  at  those  diviMons  of  the  vane}  and  if  the Irianipes  b< 
conceived  to  stand  perpendicular  with  tho  fdana  of  the  paper, 
the  angles  i,  K|  L,  M,  wd  D,  becoming  the  verticd  angles,  the 
hypothenuse  of  these  triaagks  will,  as  be£ara  auggestedy  give  a 
perfect  idea  of  the  weathering  of  the  vano  aa  it  recides  from  Ibo 
centre.    {Phil.  Mag.  No.  14.) 

•  Some  theoretical  remarks  on  thb  subject  are  insertedin  vol.  i. 
art.  547. 

As  the  du-ectioo  of  die  wind  k  very  tmcertain,  it  becomes 
necessary  to  have  some  contrivance  for  tnraing  the  sails  towards 
it,  in  order  to  receive  its  force  in  whatever  way  it  may  turn;  and 
for  this  purpose  two  general  methods  are  in  use.  Iil  the  one, 
the  whole  machine  is  snstttned  upon  a  moveable  arbour  or  axis^ 
perpendiculaiv  to  the  horiaon,  which  is  supported  by  a  strong 
stand  or  foot  very  firmly  fixed  in  the  earth ;  and  thus  by  means 
of  a  lever  tlie  whole  matbine  may  be  turned  round  as  occasion 
requires.  In  the  other  method,  only  thearoof,  vrhich  is  circular, 
am  be  turned  round  by  means  of  a  levernnd  toilers^  unon  which 
the  circttlar  ro(tf  moves.  This  last  kind  of  wind-mill  is  nmstly 
built  of  stone,  in  the  form  of  a  round  turret,  having  a  large 
wooden  ring  on  the  top  of  it,  above  which  the  roof,  whidl  must 
likewise  be  of  wood,  moves  upon  rollers,  as  has  been  drsady 
mentioned.  To  efiect  this  motion  the  more  easily,  the  wooden 
ring  which  lies  on  the  top  e(  the  building  is  fnmished  with  a 
groove,  at  the  bottom  of  which  are  placed  a  nmnber  of  brass 
truoUes  at  certain  distances,  and  within  the  groove  is  placed 
anodier  ring,  by  vrhkh  the  whole  roof  ii  sipported.    Beams . 
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are  connected  widi  die  moveable  ring,  and  a  rope  is  fastened  to 
one  of  tfaeni,  which  at  the  lower  extremity  is  fitted  to  a  windv 
lass  or  axis  in  peritrochio ;  and  this  rope  being  drawn  througfa 
an  iron  hook  fixed  at  the  ground  and  the  windlass  turned  round, 
the  sails  and  roof  will  be  turned  round  also,  in  order  to  catch 
the  wind  in  any  direction.  Both  these  methods  of  constructioa 
have  their  advantages  and  disadvantages.  The  former  is  the 
least  expensive,  as  the  whole  may  be  made  of  wood,  and  of 
any  form  that  is  thought  proper ;  while  the  other  requires  a 
more  costly  buildii^:  and  the  roof  being  round,  the  bmlding 
must  also  b^  so,  wUSe  the  former  can  be  made  of  any  form,  but 
has  the  inconvenience  of  being  liable  to  be  carried  off  altoj^ 
ther  b^  a  veiy  high  wind.  As  both  these  methods  of  adjustmg 
the  wwdsh^ft  require  human  assistance,  it  would  be  very  de- 
sirabla  that  the  same  effect  should  be  produced  by  the  action  of 
the  vind  solely.  This  may  be  done  by  fixing  a  lar^e  wooden 
vane  or  weathers-cock  at  the  extremity  of  a  long  horizontal  arm 
which  lies  in  the  same  vertical  plane  with  the  windshaft.  By 
this  means  when  the'Surfoce  of  the  vane  and  its  distance  from 
the  axis  of  motion  have  sufficient  magnitude,  even  a  gentle 
breeze  will  so  act  upon  this  vane  as  to  turn  the  machinery,  and 
move  the  sail  and  windshaft  to  their  proper  position.  This 
expedient  may  be  adopted  whether  the  mill  has  a  mo?^))!} 
roof  or  revolves  upon  a  vertical  shaft. 

In  art.  50.  of  the  Introductory  part  of  this  volume,  we  have 
stated  the  principal  results  of  the  experiments  and  researches  of 
Smeaton,  relative  to  the  shape,  position,  and  magnitude  of  saik, 
when/btfr  is  the  number  adopted.  To  these  it  might  be 
proper  to  add  here,  some  of  the  remarks  which  have  been  made 
by  Parent,  Euler,  and  other  philosophers :  but  as  none  of  them, 
except  a  few  by  Coulomb,  appear  any  way  comparable  in  point 
of  practical  utility  widi  those  of  Smeaton,  and  as  they  include, 
besides,  some  very  intricate  investigations,  we  conceive  they  may 
be  omitted  without  any  seriou?  disadvantage  to  the  student. 

We  shall  now,  therefore,  proceed  to  describe  a  wind-mill, 
varying  in  many  respects  from  the  common  construction.  Thb 
mill  was  invented  by  Mr.  James  Vdrrier^  oi  North  Curry,  in 
Somersetshire,  who  received  a  premium  from  the  Society  of 
Arts,  for  this  useful  specimen  of  bis  ingenuity.  Mr.  Verrier 
has  contrived  a  register  or  regulator,  by  which  the  vanet  are 
suffered  to  yield  and  give  way  to  the  impetus  of  the  wind,  when 
it  is  too  forcible;  and  when  it  is  too  languid,  it  brings  the  vanes 
up  to  jthe  wind,  till  its  force  is  sufficient  to  give  the  mill  a 
proper  degree  of  velocity:  by  tliis  contrivance,  the  wind  is 
justly  proportioned  to  the  sesistance  or  number  of  stones  putlci' 
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'work)  aild  the  null  less  liaUe  to  be  set  on  fire^  or  destroyed  h\ 
the  yiolence  of  its  motion.  The  vertical  shalit  of  this  mitt  ii 
also  much  shorter  than  usual,  in  consequence  of  which  the 
ivbole  building  (and  especially  the  floor  on  which  the  stones  are 
jplaced)  is  considerably  stronger,  and  less  liable  to  vibrate  than 
MH  the  common  mills.  The  substance  of  the  following  descrip- 
tion of  Mr.  Verrier's  mill  is  given  in  Bailey* s  account  of  Ma-- 
chines^  approved  by  the  Society/  ofArtt^  vol.  ii.  p.  47./ die  edit, 
of  1782. 

This  miU  which  hat  eight  quadrangukr  sails,  is  represeoAed 
in  fig.  7.  pi.  XXXVII.  where  AAA  are  tfaethree  principal  posts, 
20  feet,  7}  inches  long,  22  inches  broad  at  their  lower  ex- 
tremities, IS  inches  at  dieir  upper,  and  17  inches  thick.    The 
column  B  is  12  feet,  10}  inches  long,  19  inches  in  diameter  at 
its  lower  extremity,  and  16  inches  at  its  upper:  it  is  fixed  in  the 
centre  of  the  mill,  passes  through  the  first  floor  B,  having  its 
upper  end  secured  by  tlie  rails  do.     eee  are  the  girders  of 
the  first  floor,  one  of  which  only  b  seen,  being  8  feet  3  inches 
long,  1 1  inches  broad,  and  9  thick :  they  are  mortised  into  the 
principal  posts  aaa  and  the  column  b,  and  are  about  8  feet  5 
inches  above  the  ground  floor,     dd ii  are  three  posts,  6  feet  4>|  ^ 
inches  loug,  9  inches  broad,  and  6  inches  thick :  they  are  mor- 
tised into  the  girders  bf  of  the  first  and  second  floor,  2  feet  4 
inches  distant  from  the  posts  A,  8cc.     fpf  are  the  girders  of 
the  seoond  floor,  6  feet  long,  11  inches  broad,  and  9  thick: 
they  are  mortised  into  the  posts  a,  &c.  and  rest  upon  the  upper 
ends  of  the  posts  o,  foe.     The  three  rails  ogg  are  3  feet  1 1 
inches  long,  7  inches  broad,  and  3  thick:  they  are  mortised  into 
the  posts  D  and  the  upper  end  of  the  column  b,  4  feet  3  inches 
above  the  iloor  to  their  upper  edges,     p  is  one  of  the  arms 
which  support  die  extremities  of  the  bray-trees:  its  length  is  i 
feet  4  inches,  its  breadth  8  iuches,  and  its  thickness  6  inches. 
t  is  one  of  the  bray-trees  into  which  the  extremity  of  one  of  the 
-  bridge-trees  K  is  mortised.     Each  bray-tree  is  4  feet  9  inches 
long,  9}  inches  broad,  and  7  thick :  and  each  bridge-tree  is  4 
feet  6  inches  ion^,  9  inches  broad,  and  7  thick,  being  curved  9 
inches  from  a  ri^t  line,  and  furnished  with  a  piece  of  brass  on 
its  upper  surface  to  receive  the  imder  pivot  of  the  mUbtones. 
LL  are  two  iron  screw  bolts  which  raise  or  depress  the  fore-ends 
of  the  bray-'trees.    mmm  are  the  tliree  millstones,  and  nmn  the 
iton  spindles  each  9  feet  long  on  which  the  upper  millstones 
are  fixed,     o  is  one  of  three  wallowers  which  are  fixed  on  the 
upper  ends  of  the  spindles  nnn  :  they  are  16  inches  in  diameter, 
and  each  is  furmshed  with  14  trundles,  /is  one  of  the  carriage- 
rails  in  which  the  upper  pivot  of  the  spindle  turns,  and  is  4  feet 
2  inches  long,  7  inches  broad^  and  4  thick.    It  turds  on  an  irou 


Digitized  by 


Google 


r 


S4d  MACUrNES. 

-bok  |tt  wt  md,  the  other  end  slidii^  in  a  bracket  fiicd  to  oik* 
of  dw  joists,  and  forma  a  murtiae  in  which  a  wedge  is  driven  to 
set  the  rail  and  wallower  in  or  out  of  its  work :  t  is  the  lioriawlnl 
spBi>»wheel  that  gtfw  motiott  to  the  wallowera;  it  is  5  feet  6 
inches  diameter,  is  fixed  to  dieperpendicabir  shaft  t,  and  has 
42  cogs  or  teeth.  The  perpendicuiar  shaft  t  is  9  feet  I  incii 
hmgf  and  14  iacfaet  in  diameter,  having  two  iron  spindles :  the 
umkr  windle  tumt  in  a  brass  block  let  flush  into  the  h^her 
end  of  me  column  b;  and  the*  upper  spiiidle  turns  in  a  brass 
plsite  inserted  into  the  iower  surface  of  die  carriage  rail  c.  The 
spon*whefl  r  is  fixed  on  the  upper  end  of  die  vertical  shaft  t, 
and  is  turned  by  the  crown  wheel  v  on  die  windshaft  c;  it  is  3 
feet  two  inches  in  diameter,  and  is  furnished  with  15  cogs.  The 
carriage- rail  c,  which  is  fixed  on  the  sliding  kerb  z,  and  supports 
the  upper  pivot  of  the  vertical  shaft,  is  17  feet  2  inches  rang,  I 
foot  broad,  and  9  inches  thick,  yyq,  is  the  fixed  kerb,  17  feet 
S  inches  diameter,  1 4  inches  broad  and  10  thick ;  being  mortised 
into  the  posts  A  a  a,  and  fastened  with  screw  hoks.  Tlie  sliding 
kerb  z  is  of  the  same  diameter  and  breadth  as  the  fiied  kerb, 
but  its  thickness  is  only  7}  inches.  It  revolves  on  12  fiction 
rollers  inserted  on  the  upper  surface  of  the  kerb  tyq,  andhas  4 
iron  half  staples  Y  y,  8cc«  fastened  on  its  outer  edge,  the  perpea^ 
dicular  arms  of  which  are  10  inches  long,  2  inches  broad,  and 
1  inch  thick,  and  embrace  the  outer  edge  of  the  fixed  kerb,  to 
prevent  the  sliding  one  from  being  blown  off.  The  capolb 
X,  v,  of  the  mill  are  18  feetO  inches  long,  14  inches  broad,  and 
1-foot  thick :  they  are  fixed  at  each  end  with  strong  iron  screw 
bolts  to  the  sliding  kerb,  and  to  the  carriage-rail  c.  On  the 
right  hand  of  fc'  is  seen  the  extremity  of  a  cross  rail,  which  is 
fixed  into  the  capsills  x  and  v  by  strong  iron  bolts:  e  is  a 
bracket  5  feet  long,  16  inches  in  its  extreme  breadth,  and  10 
inches  thick;  it  is  bushed  with  a  strong  brass  collar,  in  which 
the  under  spindle  of  the  windshaft  turns,  and  is  fixed  to  die 
cross  rail  v,  with  iron  screw  bolts  and  nuts:  &  is  aootber 
bracket  7  feet  long,  4  feet  broad,  and  10  inches  thick ;  it  is  let 
into  the  fore  ends  of  the  capsills,  and  that  it  may  embrace  the 
collar  of  the  windshaft,  it  is  divided  into  two  parts  which  are 
fixed  togetber  with  screw  bolts.  The  windshalft  c  is  13  feet 
lonpr,  2  feet  in  diameter  hi  the  fore  end,  and  18  inches  at  the 
back  end:  its  pivot  at  the  back  end  b  6  inches  diameter;  and 
the  shaft  has  a  hole  bored  through  it  to  admit  an  iron  rod  to 
pass  easily  through.  The  vertical  crown  wheel  t^  is  6  feet  in 
diameter,  having  54  cogs  which  turn  the  spur  wheel  r.  The 
bolster  d,  which  is  6  feet  3  inches  long,  13  mchea  broad,  and  6 
iliick,  is  tenoned  into  the  cross  rail  Wj  dkectly  under  the  oestie 
-'^  ^Se  windshaft;  having  a  brass  pulley  fixed  in  a  mortise  at  iti 
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fore  end.    On  the  upper  surface  of  tlib  bolster  ia  a  groove  in 
vbich  the  sliding  bolt  r  moves,  having  a  braiM  stud  at  it9  fore 
end.    This  sliding  bolt  is  not  distinctly  seen  in  the  figure,  bul 
the  round  top  of  the  brass  stud  is  visible  belovv  the  letter /i :  the 
back  end  of  the  iron  rod  .that  passes  through  the  wiodsbaft, 
bears  against  this  brass  stud.  Tlie  sliding  bolt  is  4  feet  9  inches 
long,  9  inches  broad,  and  4  inches  thick.  At  its  fore  end  is  fitted 
SI  line  which  passes  over  the  brass  pulley  in  the  bolster,  aixl 
appears  at  a  with  a  weight  attached  to  its  other  end,  sufficient 
to  make  the  sails  face  3)e  wind  that  is  strong  enough  to  work 
the  number  of  stones  employed;  and  when  the  pressure  of  the 
wind  is  more  than  sufficient,  the  saik  turn  on  an  edge,  and  press 
back  the  slidii^  bolt,  which  prevents  their  going  with  too  great 
velocity;  and  whenever  the  wind  abates,  the  sails,  by   the 
weight  a«  are  pressed  up  to  iheir  proper  place  again.     By  this 
apparatus  th^  wind  is  regulated  and  justly  proportioned  to  the 
fe^istpnce  or  work  at  any  time  to  be  performed;  an  uniformi^ 
of  motiop  is  likewise  secured,  and  the  mill  is  far  less  likely  ever  ' 
fp  move  with  ^o  rapid  a  motion  as  to  risque  its  destruction. 

That  the  reader  may  understand  how  these  effects  are  pro*> 

duced,  we  h^ve  represented,  in  iig.  8,  the  iron  rod  and  the  arms 

vvbich  bear  against  the  vanes  or  sails ;  ah  is  the  iron  rod  which 

It^s^es  throiigh  the  windshaft  c  in  6g.  'J ;  A  is  the  extremity 

Vfhich  moves  i|i  .the  bras3  stud  that  is  fixed  upon  tlie  sliding 

bolt;  ai,  at,  8tc.  are  the  cross  arms  at  right  angles  to  oA^ 

whose  extremities  t,  i,  similarly  marked  in  fig.  1.  bear  upon  the 

edges  of  the  vaf>es«    The  arms  ai  are  6^  feet  long,  reckoning 

from  the  centre  a,  1  foot  broad  at  the  centre,  and  5  inches 

|hick(  the  eight  arms  n,  n^  8cc.  that  carry  the  sails,  are  18i  feet 

lo^,  their  greatest  breadth  is  1  foot,  and  their  thickness  9  inches, 

gradually  dimioishiug  to  their  outer  ends,  where  they  are  only 

S  ipches  in  diameter:  the  inner  ends  of  these  arms  are  mortised 

,  into  the  windshaft.    Tlie  i  cardinal  sails  m,  m,  ni,  f»,  are  each 

13  feet  long»  8  feet  broad  at  their  outer  ends,  and  3  feet  at  their 

lower  extremities  ;p,;»,  8(.c.  are  the  four  assistant  sails  which 

have  thp  same  dimenbious  as  the  cardinal  ones  to  which  they 

are  joined  by  the  line  ssss.     The  angle  of  the  sail's  inclinatioii 

when  first  opposed  to  the  whid  is  45  degrees^  and  regularly 

the  same  from  end  to  end. 

It  is  evident  from  the  preceding  description  of  this  madiine, 
that  the  windshaft  c  moves  along  with  the  sails :  the  vertical 
crown  wheel  v  drives  the  spur  wheel  r,  fixed  upon  the  axis  t, 
which  carries  also  the  spur  wheel  L  This  wheel  impeb  the  three 
walloiKrers  o,  one  of  which  only  is  seen  in  the  figure;  these 
being  fixed  upon  the  spindles  N,  &c.  communicate  motioB  to 
the  turning  mill-stoflies. 
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Mr.  John  Bywater,  of  Nottingham,  took  out  a  patent  ni 
September,  1804|  for  a  method  of  clothing  and  unclothing  the 
sails  of  windmills  while  in  motion  (provided  they  are  made  after 
the  Dutch  manner)^  by  which  the  mill  may  be  clothed  either 
in  whole  or  in  part,  in  an  easy  and  expeditious  manner,  by  a 
few  revolutions  of  the  sails,  whether  they  are  going  fast  or  slow, 
leaving  the  surface  smooth,  even,  and  r^ular  in  breadth  from 
top  to  bottom ;  and  in  like  manner  tlie  cloth,  or  any  part  of  it, 
may  be  rolled  or  folded  up  to  the  whip  at  pleasure,  by  simple 
and  during  machinery.   The  invention  consists  in  either  folding  . 
or  unfolding  the  cloths  while  the  sails  are  in  motion,  by  means 
of  cylinders,  or  rollers  of  any  shape,  as  long  as  the  sails,  witk  a 
toothed  wheel  at  one  end  of  each,  working  either  directly  or  in- 
directly into  two  wheels  without  arms,  which  are  hung  so  as  to 
turn  upon  a  ring  of  iron  fixed  to  the  shaft-head  close  behind  die 
back-stocks,  and  which  may  be  alternately  stopped ;  so  that  tbe 
wheels  at  the  ends  of  the  cylinders  must  directly,  or  by  means 
of  a  connexion  of  wheek  called  carriers  or  nuts,  work  into 
them  by  revolving  round  them  through  the  power  of  the  wbid 
acting  on  the  sails ;  so  that  the  cylinders  must  necessarilj  turn 
round,  and  roll  up  or  fold,  or  unrol  or  unfold  the  cloth  which  is 
fastened  to  them,  according  to  the  respective  wheel  without 
arms  which  is  stopped  for  that  purpose.     Such  is  the  general 
jcontrivance:  a  detailed  account  with  figures,  may  be  seen  m 
the  Repertory  of  Arts,  &c.  vol.  vi.  N.  S. 

Horizontal  Wmd^mills.  Although  we  do  not  class  ourselves 
among  the  advocates  for  horizontal  wind-mills,  being  aware 
that  the  force  of  the  best  of  them  is  not,  at  the  most  favourable 
estimate,  much  more  than  one  fotuth  of  the  force  of  a  vertical 
mill  having  equal  vanes :  yet,  since  there  are  some  few  situations 
and  circumstances,  in  which  the  former  can  be  adopted,  where 
the  latter  would  be  useless,  we  may  devote  a  little  space  to  the 
description  of  one  or  two. 

Mr.  Robert  Beatson  took  out  a  patent  in  October  1797,  for 
a  method  of  constructing  horizontal  mills,  to  be  impelled  eiiher 
by  wind  or  water.  This  gentleman's  exclusive  principle  consists 
in  a  peculiar  method  of  constructing  and  disposing  those  snr- 
faces  upon  which  wind,  water,  &c.  shall  act,  in  which  by  oppos- 
ing alternately  a  resisting  and  a  non-resisting  suHace,  their  whole 
force  or  impulse  acts  in  a  direct  manner  upon  the  resisting  nde 
of  a  wheel,  vane,  &c.  or  other  surface,  in  proportion  to  its 
extent ;  and  when  the  moving  force  acts  upon  the  other,  or 
returning  side,  the  parts  of  the  vanes  give  way,  and  allow  a 
passage  with  little  resistance,  except  what  is  occasioned  by  the 
thin  edges  of  the  constituent  flaps,  together  with  thai  small 
^-"  which  consists  of  the  force  requisite  to  the  rising  up  or 
f  these  flaps. 
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Thus  iSg.  9.  p\.  XXXVIL  is  a  direct  view  or  elevation  of 
two  opporite  sides  of  an  horizontal  wind-milli  wherein  ap  and 
KD  are  two  of  the  upper  arms,  and  bi  and  fo  two  of  the  lower 
arms,  of  which  there  are  generally  four  in  number^  crossing 
each  other  at  right  angles,  that  is  to  say,  four  upper  arms  and 
four  lower  arms,  ck  is  the  vertical  shaft  into  which  the  ainia 
are  fixed.  There  are  two  rectangular  frames,  which  may  either 
be  immoveably^  fixed  between  the  upper  and  lo^er  arms,  chr 
they  may  be  made  to  slide  backwards  or  forwards  so  as  to  be 
placed  near  to,  or  farther  from,  the  vertical  shaft,  as  shall  be 
reauired.  The  surface  or  space  contained  within  these  frames 
<wnich  Mr.  Beatson  calls  the  vanes)  is  filled  up,  or  covered, 
with  any  sort  of  thin  light  substance  for  the  wind  to  act  upoii, 
as  canvas,  linen,  leather,  or  even  paper  or  pasteboard,  which, 
if  thought  requisite,  may  be  prepared  with  oil,  paint,  varnish,  or 
otherwise,  in  such  a  manner  as  to  resist  wet,  and  to  enable  the 
wind  to  act  upon  them  with  the  more  effect.  Or  theae  spaces 
or  vanes  may  be  covered  with  any  other  thin  or  light  substance 
or  substances  suitable  to  the  purpose.  It  will,  however,  be 
observed,  that  with  whatever  materials  these  vanes  are  covered, 
it  must  not  be  in  one  whole  piece,  but  divided  into  a  number  of 
small  separate  parts  or  flaps,  placed  in  such  a  manner  as  to 
overwrap  each  other  a  little.  That  is  to  say,  if  the  mill  is 
intended. to  tarn  round  from  left  to  right,  the  lower  part  of  the 
upper  flap  1  of  the  vane  enclosed  between  ap  and  bi  mn9t 
over-v^rap  the  upper  part  of  the  flap  2.  The  lower  part  of  2 
must  over- wrap  the  upper  part  of  3,  &c.,  so  that,  all  the  over* 
nvraps  being  on  the  near  side,  the  flaps  will  all  be  close  shut 
when  the  wind  acts  upon  them,  and  consequently  the  vane  wiH 
receive  its  whole  impulse  the  same  as  if  it  consisted  of  one 
enthre  piece.  The  flaps  in  the  opposite  vane  bbfg  must,  how- 
ever, be  suspended  in  a  different  manner.  That  is,  the  over- 
wraps must  all  be  on  the  reverse  or  off  side,  by  which  means, 
while  the  wind  shuts  all  the  flap^  on  the  left  or  resisting  side, 
and  is  acting  thereupon  with  its  full  force,  it  opens  all  those  oh 
the  right  or  non-resisting  side,  and  passes  through  betweeti 
them  with  little  or  no  resistance  except  what  is  occasioned  by 
their  edges,  which  should  be  as  thin  as  possible,  that  die  resist- 
ance may  be  the  less;  and  if  these  flaps  are  properly  suspended 
and  counterpoised,  the  resistance  will  be  nearly  as  small  as  if 
there  were  no  covering  at  ail  upon  the  vane  edfo. 

It  is  therefore  evident,  that  if  there  are  fonr  of  these  per- 
forated vanes,  crossing  each  other  at  r^ht  angles,  when  the  wind 
acts  upon  the  resisting  side  with  all  the  flaps  shut,  and  passe* 
through  the  non-resisting  side  with  all  the  flaps  open,  the  former 
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uriU  be  iurpelled  f<Mrward,  and  utriH  be  mceeded  1>7  tM  taeond 
vaue,  upoii  which  the  wind  >vill  dien  begin  to  get;  and  Ums,  bgr 
the  one  vane  succeeding  th§  other,  a  constant  rotatioB  will  be 
produced  so  long  m  there  is  wind  suflBcieut  to  impel  them  for- 
ward: and  it  signifies  not  from  what  quartef  the  wind  bk>w8>  as 
its  effect  will  be  the  same  upon  vanes  of  thjs  coi^tmction^ 
which  will  always  turn  the  same  way  with  any  wind.  If  tfaff 
over-wraps  were  made  on  the  near  side  of  ibe  right  vaoe,  and 
the  off  side  of  the  left,  they  would  turn  round  the  opposite  way, 
as  the  right  side  would  in  that  case  become  the  resistiug  side^ 
and  the  left  the  non-resisting. 

The  flaps  of  the  vaoes  should  consist  of  thin  light  frames  of 
metal,  whalebone,  or  any  other  substance  fit  for  the  purpose  of 
stretching  the  canvas,  lilnen,  Sec  upon,  and  should  be  suspended 
by  two  small  bolts,  staples,  or  lunges,  at  the  iipper  corners, 
upon  which  they  should  hang  freely  and  loosely,  so  as  to  be 
easily  opened  by  the  wind ;  or,  if  they  are  made  of  thin  wood, 
or  light  plates  of  metal,  there  will  be  no  occasion  for  stretctiiog- 
frames,  as  the  bolts  or  hinges  may  be  fixed  to  their  upper 
comers. 

The  manner  of  stopping  and  regulatmg  these  mills  may  intbcf 
1>e  by  a  brake  or  gripe,  as  in  the  common  wind-mills,  or  (what 
is  perhaps  better)  by  a  contrivance  for  opening  or  shutting  att 
tbe  flaps  of  the  vanes  at  pleasure.  This  may  he  done  by  small 
ropes  or  chains,  fixed  to  about  the  middle  of  the  lower  edges  of 
the  flaps,  and  conducted  over  rollers  or  pulleys  at  the  top  of  the 
vanes  to  the  inner  side  of  the  mill;  by  means  of  which  ropea,or 
chains,  all  the  flaps  in  the  vanes  may  be  at  once  drawn  up  when 
required.  0|faer  methods  are  given  by  Mr.  Beatson.  But  these 
mills  might  be  easily  made  to  regulate  theoMelves,  according 
to  the  power  of  the  viind,  by  means  of  bulky  weights,  or  pen- 
dulums fixed  to  inflexible  rods,  and  suspended  out  of  the  miO 
upon  the  a^ms  or  firSames,  or  within  it,  in  such  a  manner  as  to 
operate  upon  the  sheaves  or  piuions,  or  the  ropes  that  ^pen  the 
flaps ;  which,  if  these  balb  or  weights  are  pro|^y  situated  and 
constructed,  they  will  do  more  or  less,  accordmg  to  the  velocity 
fit  which  the  vanes  are  moving. 

Mr.  Beatson's  principle  may  likewise  be  applied  to  honsootal 
water-mills  in  proper  situations ;  especially  for  wheels  to  go 
under-water,  in  the  current  of  a  river,  or  by  the  ebbing  and 
flowing  of  the  tide,  where  the  situation  will  not  admit  of  aay 
Ml  for  ubder-shot  or  over-shot  w1ieel»,  or  when  the  river  is  apt 
sometimes  to  rise^  and  sometimes  to  fall,  so  much*  that  sock 
wheels  cannot  be  used  advantageously. 

At  the  aame.time>  where  mills  of  some  sort  would  be  of  gteal 
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Aitintjr  k  rabiiig  walte  to  tupply  towna^  Goanlrj  seats,  dec  or 
#br  otbtr  pw^iosBS,  a  wbcel,  on  the  principle  here.inentiGaied, 
might  he  usedipiinoh  fJacei  to  great  advantage,  as  it  would  go 
either  wholly  imder  water,  or  pvtlj  so,  and  would  always  turn 
voimdifae  same  way,  whedier  the  current  was  nmning  down  the 
river  «f  iisi^  88  when  affected  by  the  tides,  and  dierefore  nigbt 
be  applied  to  tkteasilhi. 

.  The  flaps  lor  water^wbeds  of  this  sort  may  be  made  either 
lof  thin  daal  or  other  boards,  or  of  thin  plates  of  metal.  Th^se 
water-wheels  may  be  stopp^  or  regulated  by  a  sluice  on  either 
Aide,  to  stop  the  current,  or  to  admit  only  so  much  R»is  thought 
necessary ;  apid  there  nuiy  be  other  sluices  to  open  at  a  suitable 
distaBCig  en  both  sides  of  the  wheeli  when  the  wheel  sluices  are 
abut 

Mr.  Beatson  proposes,  likewise,  to  apply  &e  same  method 
pf  construction  to  several  other  olyects  and  purposes,  as  to  the 
pistaos  (tf  pumps,  oars,  and  sails  ior  ships,  ventilators,  sluices, 
ktickets  for  wells,  &e.  for  a  more  particular  description  of  which 
we  must  refer  the  reader  to  vol.  ii.  of  the  Repertory  of  Arts  and 
Manufactures,  second  series,  where  Mr.  Beatson's  specification 
98  published 

Another  horisontal  mill  has  been  recently  proposed  by  Mr, 
^dn  Jackmn;  the  following  description  of  which  has  appeared 
ia  No.  f  of  the  Reiroqieci  ^  Phtlosophical  and  Meckamcal 
jpiscoveries,  a  very  respectable  and  usefii)  publication. 

la  this  nnU  a  sto^t  vortica)  shaft  carries  two  pairs  of  horizon* 
tal  arms,  crossing  eadi  other  at  right  angles,  so  as  to  form 
suitable  supports  for  the  axles  of  four  whem  carrying  as  many 
vanes^  each  placed  at  an  equal  distance  from  the  vertical  sbift, 
and  at  qu^drantal  distances  from  one  to  auodier.  There  are  9 
toothed  whe^s  ammged  in  die  same  horizontal  plane,  and  mu- 
tually driving  (me  another.  The  central  wheel  drives  four  others, 
ivfaidi  are  csiued  mean  wheels;  and  ^ese  again,  four  otKiers  caUed 
extiense  wbeeb  t  the  me^n  mmI  extreme  wheeb  are  attached  to 
Ibe  anjoa  by  their  axles,  aiad  are  carried  about  with  them  when 
io  motion ;  die  extreme  wheels  are  fixed  to  their  axks,  and  the 
vanes  ire  fixed  to  those  axles,  and  oonsequently  turn  with  them. 
These  iranes  are  posited  with  respect  to  each  other,  in  such  man- 
ner that  their  planes  make  angles  of  49",  90%  135%  and  i8(f, 
^wttb  some  varmble  plane;  so  that  while  one  vane  b  completely 
exposed  to  the  wind,  a  second  and  fourth  are  opposed  to  it  obi 
li^picly,  and  the  third  turns  its  end  towards  it,  ao  as  to  oAr  but 
ii^  resistance.  Each  oS  the  extreme  wheels  has  twice  as  many 
teeth  as  ^e  central  wheel ;  of  consequence,  during  one  revokh- 
^n  of  A9  c^itral  wheel,  each  extreme  wheel  tunis  half  ronnd^ 
M  m2 
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mod  each  vane  presents  ita  sides  alteratuly  to  the  wind.  The 
centre  wheel  comiaU  of  a  dram  or  hoUow  vbsft,  through  wlnck 
the  axle  of  the  wheel  passes.  A  faamdle  is  fix«d  to  die  lower 
extremitj  of  the  drum-shaft^  by  which  the  centre  wheel  b 
occasionally  moved :  this  arm*  serves  abo  as  an  index,  and  cooh 
muoicates  with  a  circle,  representing  the  horixon,  on  which  are 
delineated  the  points  of  the  compass.  ¥rhen  the  machine  is  in 
motion,  the  index  is  set  and  fastened  to  that  point  from  which 
the  wind  blows,  in  order  to  adjust  the  position  of  the  vanes  with 
respect  to  the  wind.  Any  motion  of  the  index  to  the  right  or 
left  of  this  point  will  alter  the  position  of  the  vanes,  and  occasioa 
a  diminution  of  power  in  the  machine ;  and  it  is  by  this  index 
that  the  machine  is  stopped,  or  made  to  turn  in  a  contrary 
direction;  a  peculiarity,  when  referred  to  wind-mills,  which 
exchisively  belongs  to  tliis  contrivance. 

An  ingenious  horizontal  mill  by  Messrs.  Claude  Fr&n^ois,  and 
Jean  Claude  du  Bost,  b  described  in  Rectieil  des  Machines  et 
Inventions  approuf £es  par  I'Acad.  Roy.  des  Sciences,  torn,  vik 
Some  judicious  remarks  on  the  comparative  advantages  of  Hori- 
zontal and  Vertical  Wind-mills,  and  indeed  mnch  inefal  inform- 
ation on  the  subject  of  Wind-mills  in  general,  may  be  found  in 
the  second  vol.  of  Dr.  Brercster's  edition  of  FergusoH^s  Ledmret. 

For  M.  Prony*s  expedient  for  eqnatixing  ttte  velocity  and 
effects  of  wind-^iUs,  see  the  article  Conobnsbu  rf  farces  ia 
thb  volume. 

WIPERS,  in  some  kinds  of  machiiiery,  as  oil-^miUs,  powder- 
milb,  fulling-mills,  are  pieces  projectii^  generally  from  hori- 
zontal axles,  for  the  purpose  of  raising  stanipen,  pounders,  or 
heavy  pbtons,  in  vertical  directions,  and  then  leaving  theoi  to 
fall  by  thiir  own  weight. 

,Wben  the  wipers  are  only  small  cylinders  projecting  perpei^ 
dicularly  from  the  surface  of  the  horizontal  arbor,  on  which 
they  are  fixed,  the  force  with  which  they  elevate  the  rcspetlive 
stampers  will  not  act  iroiformly  during  die  whole  time  m  which 
they  are  rising;  yet,  a  imiformity  of  force  and  vdocity  b  ge^ 
nerolly  a  desireable  thing  to  be  attamed ;  and  may  alwayk  he 
effected  by  assigning  a  proper  form  to  the  wipers  and  conwiM 
nicating  parts.  A  few  directions  for  the  determination  of  the 
due  shape  are  here  given,  for  the  use  of  the  mechanic. 

Suppose  that  in  fig.  15.  pi.  XXXil.  tlie  circle  described 
about  the  centre  a  is  a  vertical  section  of  the  arbor  on  which 
the  wipers  are  placed;  and  that  the  Ime  6a  shews  the  dbtanceof 
an  arm  of  one  of  the  stampers  from  the  centre  a :  desrribe  with 
centre  a  and  radius  ab  an  arc  bed .- .  .  ik,  on  which  set  off  the 
equal  parts  bc^  cd,  de,  ef^  iLc.  as  small  as  can  conveniently  bs 
done :  draw  the  radii  ac^  ad,  ae,  &c.  on  the  extremities  of  which 
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erect  perpeoriicuhirs  equal  to  the  respective  arcs  cb,  db,  f6,  &c. 
and  continue  tliedi  until  the  last  of  them  mk  is  equal  to  the 
hei|;ht  to  which  the  stamper  is  to  be  elevated :  this  being  done, 
draw  the  curve  fib  through  the  extremities  of  the  several  per* 
pendiculars  to  the  radii,  it  will  form  an  involute  of  the  circular 
arc  bk  (which  iadeed  may  be  either  constructed  thus  or  in  the 
usual  way  at  once,  with  a  thread),  and  will  be  the  Agure  that 
Ibtij  be  given  to  the  upper  surface  of  a  wiper,  \ihen  it  is  to  give 
a  uniform  motion  to  the  rising  stamper.  For  as  all  the  radii  of 
curvature  of  n6  are  tangents  to  the  circumference  of  the  gene- 
rating circle  bkf  the  arm  m6  of  the  stamper  can  never  touch  the 
wiper  in  more  than  one  point  (or  horizontal  line,  whose  section 
is  a  point).  VV  hen  it  is  the  point  9.  for  example,  the  radius  ad 
which  answers  to  the  tangent  M  will  be  horizontal ;  of  conse- 
quence Sd  will  be  perpendicular  to  the  horizon,  and  its  extremity 
B  alone  will  touch  m^;  Sd  at  the  same  time  will  be  the  height 
to  which  the  stamper  will  be  raised.  As  the  same  thing  will 
obtain  at  all  the  points  where  the  arm  m^  touches  the  wiper, 
the  arm  of  the  lever  which  conmiunicates  the  force  will  be  con- 
stantly tlie  same,  that  is,  it  will  be  equal  to  ab;  and  the  arm  of 
the  lever  at  which  the  resistance  acts  being  always  equal  to  m^, 
it  follows  that  the  stampers  will  be  raised  entirely  with  a  uniform 
Force,  and  in  a  direction  perpendicular  to  the  horizon. 

To  determine  the  position  of  the  point  A:,  or  the  magnitude  of 
the  arc  kb,  the  distance  ah  must  be  known,  and  the  circumfer- 
ence c  of  the  circle  found  corresponding  to  this  radius :  then 
make  die  line  l  equal  to  the  height  to  which  the  stamper  is  to 
be  raised ;  and  say  as  c  to  l,  so  is  360*  to  the  degrees  and  parts 
in  the  arc  bk  or  the  angle  bak :  draw  from  a  the  line  bk,  mak- 
ing widi  ba  the  angle  thus  found,  and  k  is  then  ascertained. 
Divide* the  line  l  and  the  arc  bk  into  an  evenly  even  number  of 
parts,  set  off  from  the  points  c,  </,  e,  8lc.  of  the  arc  the  tangents 
in  arithmetical  progression,  and  e^usA  to  the  respective  parts  on 
the  line  l  measured  from  one  of  its  extremities ;  and  thus  the 
curve  N W  will  be  traced  with  great  facility.  The  sliap^  of  the 
wipers  as  they  are  fixed  singly  iu  the  arbor,  will  also  appear  from 
the  same  figure. 

In  the  figure  we  have  represented  only  one  stamper  and  one 
wiper :  but  it  often  happens  that  6,  8,  10,  or  more  stampers  are 
worked  by  wipers  projecting  from  one  horizontal  arbor:  in  this 
case  the  wipers  ahould  be  so  distributed '  that  the  resistance 
arising  from  all  the  stampers  shall  be  as  nearly  as  possible  a  con- 
stant quantity :  to  effect  this,  let  all  the  stampers  be  placed  at 
equal  distances  in  a  line  parallel  to  the  axle  or  arbor ;  let  also  a 
single  spiral  run  once  completely  round  from  one  end  of  the 
arbor  to  the  odier,  and  let  the  wipers  be  at  equidistant  positions 
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to  fi|U  ni  ^equitfislt^Pt  iatfrnJs  dqnog  ermy  roUtkm  Qf  die  arbor. 

^mAtimes  a  sinaU  roUer  is  fixed  tQ  the  extreinity  of  tbe«n 
ubf  lo  diminiflb  the  frkuioo;  and  ia  tht«  Qa«e  a  curve  ii^ii^t  be 
drawp.witMa  n£»  pavfUel  to  il^  aivl  i|t  a  distance  e%ttl  to  tbe 
radiMs  of  the  roller ;  ^  new  curve  eyhibkiiig  th^'  shape  and 
positioii  of  tbf  upper  face  of  tlia  wiper. 

Id  some  warhmes  ^tamperf  or  pisions  are  laiaed  \q  giviog  * 
proper  cunratiue  to  the  arm  nb,  and  fiuiig  th#  Filler  upon  the 
extremity  of  a  bent  ber^  whose  eiod  19  in  the  direetioo  of  aiadias 
produced ;  ia  this  case  the  arm  must  l^  shaped  into  part  of  a 
cycloid,  the  radius  of  whose  geoeratipg  cirde  is  equal  to  the 
distance  from  the  fatraiiiity  of  the  wiper  to  the  ceaCie  of  the 
arbor;  and  thii^curve  mupt  be  placed  at  die  oi^er  part  ef  die 
rollers,  to  form  the  low^  face  of  the  arm* 

Tbe  wiper  may  often  be  formed  with  great  propriety  like  the 
Archimedean  spiradf  according  to  th^  method  dencrib^  by  Dr. 
Brewster,  aiid  4ius  raise  a  stamper  mth  a  unifora^  motjh^  To 
tbi9  end  let  au  (fig.  12.  pl#  XaXIL)  be  a  wh^el  ^ut  VMo  mo* 
tion  by  anj^  power  which  is  sufficaeat  to  rai^e  |he  weigbi  if  n,  by 
its  eatiemi^  o^  from  o  to  ^  in  the  same  time  that  the  wheel 
moves  round  ofie  fourth  of  its  circuniierencet  it  is  required  to 
fix  upon  its  rim  a  wing  oBep^H  which  shall  ppoduce  &is  effect 
with  ap  uniComi  effort  Divide  the  quadraut  oh  into  any  nvm- 
ber  of  equal  parts  o»}/in^;  8^^.  thfi  more  the  better,  and  oc  into 
ibt^  saque  munber  o^  be,  cd,  Stc^  and  through  t^e  points  m,  ii,js 
Uf  draw  the  indefinite  hues  AB,  ac,  ao>  aB|  and  make  as  eqwd 
to  Jib,  AC  to  ac»  AD  to  Ad,  imd  A9  to  m;  then  tbroHgh  the 
points  p,  a,  c,  ]>,  9>  draw  the  curve  obcde,  which  is  a  poitioa 
of  the  spiral  of  Archipi^de^,  and  will  be  the  proper  form  fof  the 
wip^r  or  wing  oh  a*  It  is  evident  that  when  the  point  m  hai 
arrived  at  o,  t}ie  extremis  of  the  fsame  will  have  arrived  at  i 
bf^cause  ^  if  equal  to  jjf ;  and  for  the  same  reason,  when  die 
poiuts  n,  p,  H,  hav^  socceasiv^y  arrived  at  p,  the  extreou^  of 
the  frame  will  have  arrived  at  the  correspcmding  points  c,  d^  f, 
Th^  ipotion  therefore  will  be  uniform,  because  the  sy^  de- 
scribed by  the  weight  is  proportional  to  the  space  des^xibed  by 
the  a:ioving  |»ev9er,  ob  beiipg  to  oc,  a#  o^  to  01?,  If  it  be  re* 
quired  to  raise  the  weight  mn  with  an  aecelerated  or  retarded 
motion,  we  have  <mly  to  diride  the  line  oe,  according  to  the  law 
of  acceleratkui  or  retardatioii,  and  divide  th^  curve  obcbe  as 
b<^fore«  It  is  scarcely  necessary  to  add,  diat  the  verucal  bv 
between  n  and  M  must  be  kqpt  from  lateral  deviatioiis»  1^  being 
made  either  to  run  between  rollers,  or  to  $|ide  in  a  groove. 

We  have  all  along  sapyosed  thalt  the  wheel  or  the  arbor  which 
carries  ih^  wip«ri^  turov  upOQ  a  horizontal  aais:  we  might 
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exhibit  nMdiods  by  which  sttmperB,  tCc  could  be  nineA  uni-' 
fonmif  by  wh^b  moving  at  right  angles  to  the  plane  in  uHlich 
tbeae  stampers  move ;  1^  such  methods  are  intricate  itnd  not 
much  to  be  recommended,  as  they  may  always  be  avoided  by  a- 
small  addition  of  the  machiQery,  or  some  slight  modifications  in 
its  p^eneral  distribution. 

WORCESTER,  Marijuis  of,  his  Century  of  Invetaians. 
The  carious  and  interesting  tract,  first  published  under  this 
title  about  the  middle  of  the  seventeenth  century,  though  often 
referred  to  by  mechanical  writers^  being  but  little  known,  and 
containing  various  striking  hints,  some  now  matured,  and  others 
not  yet  completed ;  it  is  conceived  its  enthre  insertion  in  this 
place  will  be  acceptable  to  the  inquisitive  reader. 

1 .  Severd  sorts  of  seals,  some  shewing  by  screws,  others  by 
gages,  fastening  or  unfastening  all  the  marks  at  once :  others  by 
additional  points  and  imaginary  places,  proportionable  to  ordi- 
nary escutcheons  and  seals  at  arms,  each  way  palpably  and 
punctually  setting  down  (yet  private  from  all  others  but  the 
owner,  and  by  his  assent,)  the  day  of  the  month,  the  day  of  the 
week,  the  month  of  the  year,  the  year  of  our  Lord,  the  names 
of  the. witnesses,  and  the  individual  place  where  anv  thing  was 
sealed,  though  in  ten  thousand  several  places,  together  with  the 
very  number  of  lines  contained  in  a  contract,  whereby  falsificu- 
tion  may  be  discovered,  and  manifestly  p|roved,  being  upon  good 
grounds  suspected. 

Upon  any  of  these  seals  a  man  may  keep  accounts  of  recapts- 
and  disbursements  from  one  fiirthirig  to  an  hundred  miHious, 
punctually  shewing  each  pound,  shilling,  penny,  or  farthing. 

By  these  seals  likewise  any  letter,  though  written  but  in  En- 
glish, may  be  read  and  understood  in  eight  several  languages, 
and  in  English  itself  to  clean  contrary  and  difterent  sense,  un- 
known to  any  but  the  correspondent,  and  not  to  be  read  or 
understood  by  him  neither,  if  opened  before  it  arrive  unto  him ; 
so  that  neither  threats,  nor  hopes  of  reward,  can  make  him  re- 
veal the  secret,  the  letter  having  been  intercepted^  and  first 
opened  by  the  enemy. 

2.  How  ten  thousand  persons  may  use  these  seals  to  all  and 
every  of  the  processes  aforesaid,  and  yet  keep  their  secrets  from 
any  but  whom  they  please. 

d.  A  cipher  and  character  so  contrived,  that  one  Ime,  with- 
out returns  and  circumflexes,  stand  for  each  and  every  of  the 
twenty-four  letters ;  and  as  ready  to  be  made  for  the  one  letter- 
as  the  other. 

4.  This  invention  refined,  and  so  abbreviated,  that  a  point- 
only  skewedi  (hstinctfy  and  significantly  any  of  the  twenty-four 
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letters ;  aini  tliese  very  pointi  to  be  viaite  with  two  peat,  so  that 
no  time  will  be  loat,  but  as  one  riaeth,  the  other  maj  awke  the 
following  letter,  never  doggii^  the  memory  with  Bereral  figorea 
for  words,  and  combination  of  letters;  which  with  eaae,  and 
void  of  confusion,  are  thus  speedily  and  punctually,  letter  for 
letter,  set  down  by  naked  and  not  multiplied  points.  And  no- 
thing can  be  less  than  a  pcMnc,  the  mathematical  definition  of 
being  Cujua  pars  nulla.  And  of  a  motion  no  swifter  imaginable 
than  Semiquavers  or  Releshes,  yet  applicable  to  this  manner  oi 
writing. 

t  5.  A  way,  by  a  circular  motion,  either  along  a  rule  or  tiag- 
wise,  to  vary  any  alphabet,  even  this  of  points,  so  that  the  sel^ 
same  point  individually  placed,  without  the  least  additional 
mark  or  variation  of  place,  shall  stand  for  all  the  twenty-four 
letters,  and  not  for  the  same  letter  twice  in  ten  sheets  writing; 
yet  as  easily  and  certainly  read  and  known,  as  if  it  stood  but  for 
one  and  the  self-same  letter  constantly  signified. 

6.  How  at  a  window,  as  far  as  eye  can  discover  black  from 
wh^te,  a  man  may  hold  discourse  with  his  correspondent,  with- 
out noise  made  or  notice  taken ;  being,  accordii^  to  occasion 
f^ven,  and  nieaus  afibrdcd.  Ex  re  natd,  and  no  need  of  provi- 
aion  before-hand ;  though  much  better  if  foreseen,  and  means 
prepared  for  it,  and  a  premeditated  course  taken  by  mutual 
consent  of  parties. 

7.  A  way  to  do  it  by  night  as  well  as  day,  though  as  dark  as 
pitch  is  black. 

8.  A  way  bow  to  level  and  shoot  cannon  by  night  as  wdl  as 
by  day,  and  as  directly ;  without  a  platform  or  measures  taken 
by  day,  yet  by  plajn  and  infallible  rule. 

9.  An  engine,  portable  in  one*s  pocket,  which  may  be  carried 
and  fastened  ou  the  inside  of  the  greatest  ship,  Tanquam  alimd 
ofienSf  and  at  any  appointed  minute,  though  a  week  after,  eidker 
of  a  day  or  nigbt,  it  shall  irrecoverably  sink  that  ship. 

10.^  A  way  from  a  mile  off  to  drive  and  fasten  a  like  engine 
to  any  ship,  so  as  it  may  punctually  work  tlie  same  efiiect, 
eitlier  for  time  or  execution. 

1 1.  How  to  preveut  and  safeguard  any  ship  from  such  an  at- 
tempt by  day  or  night. 

12.  A  way  to  make  a  ship  not  possible  to  be  stinkf  though 
shot  an  hundred  times  betwixt  wind  and  water  by  cannon,  aud 
should  lose  a  whole  plank,  yet,  in  half  an  hour's  time,  should  be 
made  as  tit  to  sail  as  before* 

^  13.  How  to  make  such  false  decks  as  in  a  moment  diould 
kill  aud  take  prisoners  as  many  as  should  board  the  ship,  with- 
out biuwiiig  the  decks  up,  or  destroying  them  from  bong  rt*- 
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dticibley  and  iu  a  quarter  of  an  IwHir^s  tiioe  Bhould  recover  dieir 
former  abape,  and  to  be  made  tit  for  any  employment ,  witbont 
discevering  the  secret. 

14.  How  to  bring  a  force  to  weigh  up  an  anebor,  or  to  do 
any  forcible  exploit,  in  the  narrowest  or  lowest  room  in  any  ship, 
where  a  few  liends  shall  do  the  work  of  many ;  and  daiiy  handa 
applicable  \o  the  same  force,  some  standing,  others  sitrins^,  and 
by  virtue  of  their  se%'eral  helps,  a  great  force  augmented  in  Kctle 
rooniy  as  eflfectually  as  if  there  were  sufficient  space  to  go  about 
with  an  axletree,  and  work  far  from  the  centre. 

15.  A  way  how  to  make  a  boat  work  itself  against  wind  and 
tide,  yea,  botli  without  the  help  of  man  or  beast :  yet  so  that  the 
wind  or  tiile,  though  directly  opposite,  shall  force  the  ship  or 
boat  against  itself;  and  in  no  point  of  the  compass,  but  it  shall 
be  as  effectual  as  if  the  wind  ^ere  in  the  pump,  or  the  stream 
actually  with  the  course  it  is  to  steer,  according  to  which  the 
oars  shall  row,  and  necessary  motions  work  and  move  towards 
the  desired  port  or  point  of  the  compass. 

l€w  How  to  maLe  a  sea*^»stle  or  fortification  cannon-proof, 
and  capable  of  a  thousand  men,  yet  sailable  at  pleasure  to  de- 
fend a  passage,  or  in  an  hour's  time  to  divide  itself  into  three 
ships,  as  fit  and  trimmed  to  sail  as  before :  and  even  whilst  it  is 
a  fort  or  castle,  they  shaU  be  unanimously  steered,  and  effectually 
be  driven  by  an  indifferent  strong  wind. 

17.  How  to  make  upon  the  Thames  a  floating  garden  of 
pleasure,  with  trees,  flowers,  banquetting  houses,  and  fonntains, 
stews  for  all  kinds  of  fishes,  a  reserve  for  snow  to  keep  wine  in, 
delicate  batbii^*places,  and  the  like;  with  music  made  with 
mills;  and  all  in  the  midst  of  the  stream,  where  it  is  most 
rapid. 

18.  An  artificial  fountain  to  be  turned  like  an  hour-glass,  by 
a  child,  in  the  twinkling  of  an  eye,  it  holding  great  quantity  of 
water,  and  of  force  sufficient  to  make  sik»w,  ice,  and  thunder, 
with  a  chirping  and  singing  of  birds,  and  shewing  of  several 
shapes  and  effects,  usual  to  fountains  of  pleasure. 

19.  A  little  eugine  within  a  coach,  whereby  a  child  may  stop 
it,  and  secure  all  persfons  within  it,  and  the  coachman  himself, 
though  the  horses  be  never  so  unruly  in  a  full  career :  a  diild 
being  sufficiently  capable  to  luu:»en  them,  in  what  posture  so- 
ever  they  should  have  put  themselves,  turning  never  210  sliort ; 
for,  a  child  can  do  it  iu  the  twinkling  of  an  eye. 

20.  How  to  bring  up  water  balsnce-wise,  jo  that  as  little 
weight  or  force  as  will  turn  a  balance  will  be  only  needful, 
«n6re  than  the  weight  of  the  water  within  the  buckets,  which, 
counterpoised,  empty  themselves  one  into  the  otiier,  the  upper- 
most yieldiiig  its  water  (how  great  a  quautiTy  soascr  it  holds)  ^t 
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t)ia  $df-a«ne  ti«ie  die  kwveraMSt  tdketh  k  in,  tboogh  il  he  «l 

21.  How  to  raise  water  constantly  with  two  bvekela  mJf 
4iy  WHi  oigfatf  witAbOUt  aay  olher  force  thra  iu  owo  nolioD, 
\^Bm%  nol  «o  much  a»  aay  fonce^  wbed,  or  sucker,  nor  mom 
pnllies  Uma  one,  ee  which  the  cord  or  chaio  rolLeth  with  a 
iHicket  fasteMd  at  each  end.  This,  I  coafess,  I  have  seen  wmd 
kimed  of  ^e  great  salbematiciaD  ClwidiiHbia  studieaat  Bone, 
k^  baviag  ma^  a  msent  thereof  unto  a  cardjoaftl ;  aad  1  desire 
not  to  own  any  ellier  men'a  inventbaa^  but,  if  i  set  down  asy^ 
%»  Utomnate  likewise  the  inventor. 

99*  To  make  a  river  in  a  garden  to  abb  aiid  flow  con^anliy, 
though  twenty  foot  over,  with  a  diiid's  force,  in  some  pri* 
^ale  coom  or  place  out  of  sight,  and  a  competent  dialwce 
from  it. 

SS«  T*  set  a  clock  ki  a  castle,  the  water  fiUing  the  trenehea 
ab^iat  it ;  it  sbaU  shew  by  ebbing  wd  flowing  the  hom^  fBt- 
niites,  and  seconds,  and  all  the  oomprcjieosible  motions  of  the 
Heavens,  md  QO«iaterlibatio«  of  tbe  «tf th,  according  to  Co- 
pernicus. 

$4.  How  to  increase  the  strength  ef  a  spring  to  such  en 
height,  as  to  shoot  bumbasses  and  bullets  of  an  hundred  peood 
wei^t  a  steeple  height,  and  a  quarter  of  a  mite  off  and  more, 
stone-bow-wise,  admirable  for  fire-works  and  astonishing  of  be- 
sieged cities,  when  without  warning  given  b^  noiae  they  find 
th^emselves  so  forciUy  and  dangemutily  aurfmscd. 

tiff.  How  to  make  a  weight  that  cannot  lake  up  an  hnndrsd 
ponnd,  and  yet  sliall  take  up  two  hundred  pound,  and  at  the 
self-same  diaiUmoe  from  the  centre ;  and  ao  proporttonabiy  to 
millions  of  pounds. 

26.  To  raiflcweight  as  welluid  as  forcibly  with  the  drawing 
back  of  the  lever  as  with  the  thrusting  it  forwards :  and  by  that 
means  to  lose  no  lime  in  motion  or  strength.  Hiia  I  saw  in 
the  arsenal  at  Venice. 

27.  A  way  to  remove  to  and  fro  huge  weigfate,  with  a  most 
inconsiderable  stnsngth,  from  place  to  place.  For  example, 
ten  ton  with  ten  pounds,  and  leas ;  the  said  ten  pnunda  not  to 
fall  lower  than  it  nukes  the  ten  ton  to  advaoo:  or  retaeat  upon 
a  level* 

9d.  A  bridge  portable  in  a  cart  with  six  hocsea,  wUdh  in  a 
few  hours  time  may  be  placed  over  a  ri\'er  half  a  miie  beoad, 
whereon  with  much  expedition  may  be  IranqMrted  faocae,  foot, 
and  cannon. 

29.  A  portable  fortificatiou  able  to  contain  five  bundaed  fights 
uig  men,  and  yet  in  six  hours  time  aay  be  set  u^,  aod  made 
cannon^proof,  upon  the  side  of  a  river  or  pass,  witfi  camKm 
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mounted  uppii  it^  a»d  as  oQiDplfilft  a9  a  regular  forti^oalion^  wilti 
half-moons  and  counterscarps. 

.  30.  A  wray  in  one  night'»  tinne  to  cgi^e  a  bulwark  twenty  or 
thirty  foot  bigii,  cminon-^proof,  and  caunon  mou^tad  upon  it, 
with  i]ie«  to  overlook,  conitnaud,  and  batter  a  town;  fof  though 
it  contain  but  four  pieces,  they  shall  be  able  to  discharge  twa 
lumdred  bullets  each  hour. 

51.  A  wa.y  how  safely  aod  sfieedily  to  make  an  approach 
to  a  castle  or  town*wall,  and  over  the  very  ditch,  at  noonday. 

52.  Uow  to  compose  an  universal  character  methodically 
and  eaay  to  be  written,  yet  intelligible  in  any  language;  so 
that  ii  an  Englishmaq  write  it  in  Englisb,  a  FrendimaDy 
Italian,  Spaniard,  Irish,  Welsli,  being  scholars;  yea,  Gsefiiau 
or  Hebritian,  shall  as  perfectly  understand  it  in  their  own 
tongue,.as  if  they  were  perfectly  English,  distinguishing  the 
¥ecbs  from  nouns,  the  numbers,  tenses,  and  caaes,  as  properly 
^presaed  in  their  own  hinguage  as  it  was  written  in  English.^ 

33.  To  write  with  a  ne^le  and  thread,  white,  or  any  colour. 
i>pon  white,  or  any  other  colour,  so  that  one  stiteh  shall  signi- 
^antly  shew  any  ktler,  and  as  readily  and  as  easily  ahew  the 
one  letter  as  the  other,  and  fit  lor  any  language. 

34*  To  write  by  a  knotted  silk  string,  so  that  every  knot  shall 
signify  any  letter  wilh  comma,  full-point,  or  interrogation,  and 
as  legible  as  with  pen  and  ink  upon  white  paper. 

53.  The  like  by  the  fringe  of  glovea. 

36.  By  stringing  of  bracelets. 

37.  By  pincked  gloves. 

38.  By  iioles  in  the  bottom  of  a  sieve. 
89.  By  a  lattin  or  plate  lanthorn. 

40.  By  the  smell, 

41.  By  the  taste. 
4S.  By  the  touch. 

By  these  three  senses  aa  perfectly,  distinctly,  and  uiicon^ 
'  fu^ly,  yea  as  readily  as  by  the  sight. 

43.  How  to  vary  each  of  these,  so  that  ten  thousand  may 
know  them,  and  yet  keep  the  understanding  part  from  any  but 
their  correspondent. 

44.  To  make  a  key  of  a  chamber  door^  which  to  your  sight 
hath  its  wards  and  rose  pipe  but  paper^thick,  and  yet  at  plea^ 
sure  in  a  minute  of  an  hour  shall  become  a. perfect  p>stol/ 
capable  to  shoot  through  a  breast-plate  commonly  of  carabine 
prooi^  with  prime,  powder,  and  fire^lock,  undiscoverable  in  m- 
stranger's  hand. 

45.  How  to  light  n  fire  and  a  candle  at  what  hour  of  the 
night  one  wkketb,  without  rising  or  puttiog  one's  hand  out  of 
the  bedt    And  the  same  thing  becomes  a  serviceable  pistol^nt 
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pleasure :  yet  by  a  stranger,  not  imowing  die  secret,  seemeth 
Lut  a  dexterous  tinder-box. 

46.  How  to  make  an  artificial  bird  to  fly  which  way  and  as 
long  as  one  pleaseth,  by  or  against  tlie  wind,  sometimes  chirp- 
ingi  other  times  boverbg,  still  tending  the  way  it  is  designed 
for. 

47.  To  make  a  ball  of  any  metal,  which,  thrown  into  a  pool 
or  pail  of  water,  shall  presently  rise  from  ilie  bottom,  and  con- 
stantly shew  by  the  superficies  of  tb^  water  the  hour  of  the  day 
or  night,  never  rising  more  out  of  the  water  than  just  to  the 
minute  it  sheweih  of  each  quarter  of  the  hour ;  and  if  bv 
force  kept  under  water,  yet  the  time  is  not  lost,  but  recovered 
as  soon  as  it  is  permitted  to  rise  to  the  superficies  of  the 
water. 

48.  A  screwed  ascent,  instead  of  stairs,  with  fit  landing- 
places  to  the  best  chambers  of  each  story,  ^ith  back  stairs 
within  the  nodi  of  it,  convenient  for  servants  to  pass  «p  and 
down  to  the  inward  rooms  of  them  unseen  and  private. 

49.  A  portable  engiiiCi  in  way  of  a  tobiicco  tongs,  whereby  a 
man  may  get  over  a  wall,  or  get  up  again  being  come  down, 
fiuding  the  coast  proving  unsecure  unto  bun. 

50.  A  complete  light  portable  ladder,  which  taken  out  of 
one*s  pocket  may  be  by  himself  fastened  an  hundred  foot  high,' 
to  get  up  by  from  die  ground. 

51.  A  rule  of  gradation,  which  with  ease  and  method  re- 
duceth  all  things  to  a  private  correspoudence,  niost  useful  for 
secret  intelligeuce* 

52.  How  to  signify  word5,  and  a  perfect  discourse,  by  jan- 
^tiD^  of  bells  of  any  parish  church,  or  by  any  musical  instrument 
\iithu  hearing,  iu  a  seeming  way  of  tuning  it,  or  of  any  uuskiU 
ful  beginner. 

55.  A  M  ay  how  to  make  hollow  and  cover  a  water  screw, 
as  big  and  as  long  as  one  pleaseth,  in  an  easy  and  cheap  w^y. 

54.  How  to  make  a  water-screw  tight,  and  yet  transparent, 
and  fiee  from  breaking;  but  so  clear,  that  one  may  palpably  see 
die  water,  or  any  heavy  thing,  how  and  why  it  is  mounted  by 
tt.reing. 

55.  A  double  water-screw,  the  innermost  to  monnt  the  wa^, 
and  the  outermost  for  it  to  descend  more  in  number  of  threai^, 
aftd  consequently  in  quantity  of  water*  though  much  shorter 
than  the  innermost  screw,  by  which  the  water  ascendeth,  a 
most  extraordinary  help  for  the  turning  of  the  screw  to  make 
the  water  rise. 

56.  To  provide  and  make  that  all  the  weights  of  die  de- 
aceM&if  side  of  a  wheel  sfaaU  be  perpetually  fiarther  finooi  the 
centre  tSan  those  of  the  mounting  side,  and  yet  eqnal  in  munber 
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and  beft  to  the  one  tide  as  the  other.  A  most  increAble  thing, 
if  not  seen,  but  liied  before  the  late  king  (of  blessed  memory) 
in  the  Tower,  by  my  directions,  two  extraordinary  embasaadorii 
aooompanyiog  his  nuijesty,  and  the  Duke  of  Richmond,  nnd 
Duke  of  Hamilton,  widi  mo9t  of  the  Court  attending  him.  The 
wheel  was  fourteen  foot  o^er,  and  forty  weights  of  tifty  pounds 
a  piece.  Sir  William  Balfore,  then  Lieutenant  of  the  Tower, 
can  juHify  ity  wkh  several  others.  They  all  saw,  that  no 
sooner  these  great  weights  passed  the  diameter  line  of  the 
lower  side,  but  they  hung  a  foot  farther  from  the  centre,  nor 
no  sooner  passed  the  diameter  line  of  the  apper  sitte,  but  they 
htmg  a  foot  nearer.     Be  pleased  to  judge  the  consequence. 

67.  An  ebbing  and  flowing  water- work  in  two  vessels,  into 
either  of  which  the  water  standing  at  a  level,  if  a  globe  be  cast 
in,  instead  of  rising,  it  presently  ebbeth,  ^nd  so  reoiaineth  until 
a  Uke  globe  be  cast  into  the  other  vessel,  which  the  water  is  no 
sooner  senmble  ot\  btit  that  vessel  presently  et>beth,  and  the 
other  flowetfa,  and  so  continueth  ebbing  and  flowmo;  until  on^ 
or  both  of  the  globes  be  taken  out,  working  some  little  etkct 
besides  its  own  motion,  without  the  help  of  any  man  within 
sight,  or  hearing :  but,  if  either  of  the  globes  be  ^ken  out  with 
ever  so  swift  or  easy  a  motion,  at  the  very  instant  the  ebbing 
and  flowing  ceasath ;  for,  if  during  the  ebbing  you  take  out  the 
giobe,  the  water  of  that  vessel  presently  retumeth  to  flow,  and 
never  ebbeth  after  until  the  globe  be  returned  into  it,  and  then 
the  motion  beginneth  as  before. 

SB.  How  to  make  a  pistol  to  discharge  a  dozen  times  with 
one  loading,  and  without  so  much  as  once  new  priming  requi- 
site, or  to  change  it  out  of  one  hand  into  the  other,  or  stop  one's 
horse. 

59'  Another  way  as  fast  and  effectual,  but  more  proper  for 
carabines* 

60.  A  way,  with  a  flask  appropriated  unto  it,  which  will 
furnish  either  pistol  or  carabine  with  a  d62en  charges  in  three 
roinates  time,  to  do  the  whole  execution  of  a  dozen  shots,  as 
soon  as  one  pleaseth,  proportionably. 

61.  A  third  way,  and  particular  for  musquets,  without  taking 
4hem  from  their  rests  to  charge  or  prime,  to  a  like  eiecntion, 
and  as  fiut  as  the  flask,  the  mnsquet  containing  but  one  eharge 
at  a  tiflMi. 

62.  A  way  for  a  harquebuss,  a  crock,  or  ship-mtisquet,  six 
Qpon  a  CM-riage,  sboobng  with  such  expedition,  as  without 
danger  one  may  charge,  level,  and  discharge,  them  sixty  times 
HI  a  minute  of  an  hour,  two  or  three  together. 

63.  A  sixth  way,  most  excellent  for  sakers,  differing  from  the 
other,  yet  as  swift.  -' 
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64  A  ievenlh,  tned  and  approved  befora  Ihe  lata  kiog  (of 
ever  bleaaad  memory)  and  an  btiodfed  lords  and  oammtoa^  ina 
caBOOO  of  eig^  incbes  half  quarter,  to  (boot  ballets  of  dxlj- 
four  pounds  weight,  and  twenty4pur  pouads  of  powder,  twenty 
limes  in  mx  miBiitea ;  ao  clear  from  danger,  Ihat,  after  all  weie 
discharged,  a  pound  of  butter  did  not  mdt  being  laid  upon  tbe 
cauooii-britch,  nor  th^  green  oil  discoloured  that  was  first 
anointed  and  used  between  the  barrel  thereof,  and  die  engme| 
baving  never  in  it,  nqr  within  six  foot,  but  one  charge  at  a 
time. 

65.  A  way  that  one  ipan  ip  the  cabin  may  goTeni  the  whole 
$ide  of  ship-musquets,  to  the  number  (if  need  leqmre)  of  2  or 
^000  shots. 

66.  A  way  that  *again6t  several  avenues  to  a  fort  or  casde^ 
one  man  may  charge  fifty,  cannons  playing,  and  stopping  wbei| 
he  pleaseth,  though  out  of  sight  of  the  pannon* 

67.  A  rare  way  likewise  for  mn^qnettoona  fastened  to  the 
pi^immel  of  the  saddle,  so  that  a  common  trooper  cumot  miss 
to  charge  tfaem^  with  twenty  or  thirty  boUeti  at  a  time,  even  in 
full  career. 

Wh^nfirit  I  gave  my  thoughis  to  tMoke  gum  shoot  ^^  / 
thought  tmt  there  had  been  but  one  omh  exfuktie  wm/ 
invetUible ;  yety  by  several  trials^  amd  mucS  chargt,  J  hove 
perfectly  tried  all  these. 

^.  An  admirable  and  n^wt  forcible  wi^  to  drive  op  watef 
by  fire,  not  by  drawinc  or  sacking  it  upwards,  |br  that  molt  be, 
as  the  philosopher  calTeth  it,  Intri  spmtram  actwiiaiis,  which 
b  but  at  such  a  dbtance.  But  this  way  hath  no  bouiider,  if 
the  vessels  be  stroi^  enough ;  for,  I  have  uken  a  piece  of  a 
M'hole  cannon,  whereof  the  end  was  btu^t,  and  fill^  it  three 
quarters  full  of  water,  stopping  and  screwing  up  the  broken 
end,  as  also  the  touch-hole  ;  and  making  a  coostaat  fire  onder 
it,  within  twettty-four  hoiurs  it  burst,  and  made  a  great  ciack : 
so  that  having  a  way  to  make  my  vessels,  so  that  they  aie 
strengthened  by  the  force  within  them,  and  the  one  to  fill  after 
the  odier.  I  have  seen  the  water  run  like  a  constant  foualMa 
stream  forty  foot  high ;  <Hie  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water.  And  a  roan  that  tends  the 
work  is  but  to  torn  two  cocks,  that,  one  vessel  of  water  bong 
consumed,  another  begins  to  force  and  re^fill  vfilh  cold  wafear, 
and  so  successively,  the  fire,  being  tended  and  kept  constant 
which  the  self-same  person  may  likewise  abnadantif  pesferm 
in  the  interim^  between  the  neccMity  of  turning  die  said 
cocks. 
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6».  A  wty  bow  »  little  tritagli  screwed  key,  not  treighifig  « 
'riiiUiilf  I  ihdtt  be  capably  and  atrong  enoagb.  to  bolt  aad  unbolt 
round  about  a  great  che^t,  an  hundred  bolts  through  fifty  sta* 
•plea,  t9¥o  in  each,  with  a  direct  cotitrary  motion,  and  as  m^ny 
iBore  ftom  bolh  sides  and  efidt^  and  at  the  seU-same  tiise  shall 
fasten  it  to  (be  plape,  beyond  a  man's  natural  strength  to  take 
it  away :  and  in  one  aad  the  ^saae  turn,  both  locketh  and 
opeoedi  it. 

7a  A  key  wjth  a  rofeotuming  pipe,  and  two  roses  pierced 
thmigh  endwise  the  bit  thereof,  with  several  handsomely  con? 
Xmed  wardf,  which  may  likewise  do  the  same  effects. 
•  7I.  A  key  perfectlv  square,  with  a  serevfr  turning  within  it^ 
and  more  cpnceitejd  than  any  of  the  rest,  and  no  heavier  than 
the  triangle-screwed  key,  and  doth  the  same  effects. 

92.  An  escotcheon  to  be  placed  before  any  of  these  locks 
^th  these  properties. 

).  iThe  owner  (th<^ugh  a  woman)  may  widi  her  delicate 

hand  var^  the  ways  of  coming  to  open  the  lock  tan  mU*- 

lions  of  times,  beyond  the  knowledge  of  the  smith  that 

made  jt,  or  of  me  who  invented  it. 

£.  If  a  stranger  open  it,  it  setteth  an  alarm  a-going,  which 

the  strangef  cannot  stop  from  running  out;  and  besides, 

though  none  should  be  within  hearing,  yet  it  catcheth 

^  handy  as  a  trap  doth  a  fox ;  and  though  far  from 

inaiming  him,  yet  it  leaveth  such  a  mark  behind  it,  as 

wOl  discover  him  if  suspected ;  die  escutcheon  or  lock 

phuidy  shewing  what  money  he  hath  taken  out  of  the 

pox  to  a  farthing,  and  how  many  times  opened  since  the 

owner  bad  been  in  it. 

33.  A  transmittable  gallery  over  any  ditch  or  breach  in  a 

town^wall,  with  a  blmd  md  parapet  cannon-proof. 

74.  A  doo^,  whereof  the  turning  of  a  key,  with  the  help  and 
motion  of  the  handle^  makes  the  hinges  to  be  of  either  side,  and 
to  open  either  inward  or  outward,  as  one  is  to  enter  or  to  go 
out,  or  to  open  in  half. 

751  How  a  tape  or  ribbon  weaver  may  set  down  a  whole  dis- 
course, without  knowing  a  letter,  or  interweaving  any  thing  sua* 
|licia«ui  of  other  secret  than  a  new-fashioned  ribbon. 
'    76.  How  to  write  in  the  dark  as  straight  as  by  day  or  candle 
light 

77.  How  to  make  a  man  to  fly ;  wliich  I  have  tried  with  a 
little  boy  of  ten  years  old  in  a  barn,  from  one  end  to  the  other, 
on  an  bay-mow. 

78*  A  watch  (o  go  constantly,  and  yet  needs  no  other  wind> 
ing  from  ibe  first  setting  on  the  cord  or  chain,  unless  it  be 
broken,  requiring  no  otter  care  from  pne  than  to  be  now  and 
then  consulted  with,  concerning  the  hour  of  the  day  or  night; 
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aikd,  if  It  b4  laid  by  a  week  together,  it  will  not  err  tmicby  but, 
the  oftener  looked  opoo,  the  more  enact  it  shewedi  the  time  of 
the  daj  or  night. 

79.  A  way  to  lock  all  the  boxes  of  a  cabinet  (though*  never 
80  man^)  at  one  time,  which  were  by  particular  keys  appro- 
priated to  each  lock  opened  severally,  and  independent  tfa^  one 
of  the  other,  as  much  as  concemeth  the  opening  of  them,  and 
by  th^se  means  cannot  be  left  opened  unawares. 

80.  hiow  to  make  a  pistol-barrel  no  thicker  than  a  shilling, 
and  yet  able  to  endure  a  musket-proof  of  powder  and  boUet. 

8 1 .  A  comb-conveyance  carrying  of  letters  without  8uq»i- 
cion,  the  head  being  opened  with  a  needle-screw,  drawing  a 
spring  towards  them  ;  the  comb  being  made  but  after  an  osml 
form  carried  in  one's  pocket. 

82.  A  kiiite,  spoon,  or  fork,  in  ah  usual  portable  case,  may 
have  the  like  conveyance  in  their  handles. 

S^.  A  rasping-mill  for  hartshorn,  whereby  a  child  may  do 
the  work  of  half  a  dozen  men,  commonly  taken  up  with  that 
work. 

84.  An  instrument  whereby  persons,  ignorant  in  arithmetkk, 
may  perfectly  observe  numerations  and  substracticms  of  all  sums 
and  fractions. 

8.5.  A  little  ball  made  in  the  shape  of  plum  or  pear,  being 
dexterously  conveyed  or  forced  into  a  body's  mouth,  shall  pre- 
sently shoot  forth  such  and  so  many  bolts  of  each  side  and  at 
both  ends  as  \iitliout  fbe  owner's  key  can  neiAer  be  opened  or 
filed  off,  being  made  of  tempered  steel,  and  as  efi'ectualqr  locked 
as  an  iron  che^t. 

86.  A  chair  made  a-la-mode,  and  yet  a  stranger  being  per- 
suaded to  sit  down  in  it,  shall  have  immediately  his  arms  and 
thighs  locked  up  beyond  his  own  power  to  loosen  them. 

^7.  A  bia^s  mould  to  cast  candles,  in  which  a  man  may  make 
five  hundred  dozen  in  a  day,  and  add  an  ingredient  to  the  tallow 
which  will  make  it  cheaper,  and  yet  so  that  the  candles  shall 
look  whiter  and  last  longer.. 

88.  How  to  make  a  brazen  or  stone  head,  in  the  midst  of  a 
great  tield  or  garden,  so  artificial  and  natural,  that  though  a 
man  speak  never  so  softl\',  and  even  whispers  into  the  ear 
thereof,  it  will  presently  open  its  mouth,  and  resolve  the  ques- 
tion in  French,  Latin,  Welsh,  Irish,  or  English,  in  good  t&ms^ 
ut^rtng  it  out  of  his  mouth,  ahd  then  shut  it  until  die  next  qnes- 
tion  be  asked. 

89.  White  silk  knotted  in  the  fingers  of  a  pair  of  white 

f loves,  and  so  contrived  without  suspicion,  that,  pla}ing  at 
Mroeroat  cards,  one  may  wiihout  clogging  his  memory,  keep 
reckoning  of  all  sixes,  sevens,  and  aces,  which  he  hath  dis- 
carded. 
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90*  A  moat  dexterous  clicing*box,  with  holes  transparent, 
after  the  usual  fashion,  with  a  device  so  dexterous,  that,  with  a 
icnock  of  it  against  the  table,  the  four  good  dice  are  fastened, 
4UKi  it  looseneth  four  fake  dice  made  fit  for  his  purpose. 

91.  An  artificial  horse,  with  saddle  and  caparizons  fit  for 
Tuaning  at  the  ring,  on  which  a  man  being  mounted,  with  his 
laace  in  his  hand,  he  can  at  pleasure  make  him  start,  and 
swiftly  to  run  his  career,  using  the  decent  posture  with  bonne 
grace f  may  take  the  ring  fa  handsomely,  and  running  as  swiftly 
as  if  he  rode  upon  a  barbe. 

92.  A  screw  made  like  a  water-screw,  but  the  bottom  made 
of  iron-plate  spadewise,  which  at  the  side  of  a  boat  emptieth 
4he  mud  of  a  pond,  or  raiseth  gravel. 

d3.  An  engine  whereby  one  man  may  take  out  of  the  water  a 
-ship  of  five  hundred  ton>  so  that  it  may  be  calked,  trimmed, 
and  repaired,  without  need  of  die  ucual  way  of  stocks,  and  as 
easily  let  it  down  again. 

94.  A  little  engine  portable  in  one's  pocket,  which  placed 
to  any  door,  without  any  noise,  but  on  a  crack,  openeth  any 
doo^  or  gate. 

95.  A  double  cro8S*bow,  neat,  handsome  and  strong,  to  shoot 
two  arrows,  either  together,  or  one  after  the  other,  so  imme- 
diately, that  a  deer  cannot  run  two  steps,  but,  if  he  miss  of  one 
arrow,  he  may  be  reached  with  the  other,  whether  the  deer  run 
forward,  sideward,  or  start  backward. 

96.  A  way  to  make  a  sea-bank  so  firm  and  geometrically 
stroug,  that  a  stream  can  have  no  power  over  it ;  excellent  like- 
wise to  save  the  pillar  of  a  bridge,  being  far  cheaper  and 
stronger  than  stone  walls. 

97.  An  instrument  whereby  an  ignorant  person  may  take  any 
thing  in  perspective,  as  jusUy,  and  more  than  the  skilfullest 
painter  can  do  by  his  eye. 

98.  An  engine  so  contrived,  that  working  the  primum  mobile 
forward  or  backward,  upward  or  downward,  circularly  or  cor- 
nerwise,  to  and  fro,  straight,  upright,  or  downright,  yet  the 
pretended  operation  continueth  and  advanceth,  none  of  the 
motions  above  mentioned  hindering,  much  less  stopping  the 
other;  but  unanimously,  and  with  harmony  agreeing,  they  all 
augment  and  contribute  strength  unto  the  intended  work  and 
operation :  and  therefore  I  call  this  a  semi-omnipotent  engine, 
and  do  intend  that  a  model  thereof  be  buried  with  me. 

99.  How  to  make  one  pound  weight  to  raise  an  hundred  as 
high  as  one  pound  falleth,  and  yet  the  hundred  pound  descend- 
ing doth  what  nothing  less  than  one  hundred  pound  can 
eftect. 
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100.  Upon  so  potent  a  help  m  these  two  last  meotioiied  in- 
ventioDS^  a  water^work  is  by  many  years  experience  and  laboor 
so  advantageously  by  me  contrived,  that  a  child's  force  briogeA 
up  an  hundred  foot  high  an  incredible  quanti^  of  water,  even 
two  foot  diameter,  so  naturally,  that  the  work  will  not  be 
beard  even  into  the  next  room ;  and,  with  so  great  ease  and 
geometrical  symmetry,  that  thoujgh  it  work  day  and  night  fnMa 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  ahiUiogs 
r^Niration  to  the  whole  ensdne,  nor  hmder  one's  day-work. 
And  I  may  boldly  call  it  The  most  stttptndoui  work  in  the 
whole  world:  not  only  with  little  charge  to  drain  all  sorts  of 
minesi  and  furnish  cities  with  water,  though  never  so  high 
seated,  as  well  to  keep  them  sweet,  running  through  several 
streets,  and  so  performing  the  work  of  scavengers,  as  well  as 
fiiniidiing  the  inhabitants  with  sufficient  water  for  th^r  i^rivate 
occa^ns;  but  Ukewise  supplying  the  rivers  with  sofficieot  Co 
maintain  and  make  them  portable  from  town  to  town,  and  fm 
the  bettering  of  lands  all  the  way  it  runs;  wiih  many. more 
advantageous,  and  yet  greater  effscts  of  profit,  admiration,  and 
consequence.  So  that  deservedly  I  deem  this  invention  to  crown 
my  labours,  to  reward  my  expeuces,  and  make  my  thoughts  ac- 
quiesce iu  way  of  farther  inventions.  This  making  up  the  whole 
century,  and  preventing  any  fardier  trouble  to  the  reader  for  &• 
present,  meaning  to  leave  to  posterity  a  book,  wherein  under  each 
of  these  heads  the  means  to  put  in  executioo,  and  visible  trial, 
all  and  even*  of  these  inventions,  with  the  shape  and  form  of 
all  things  belougii^  to  them,  diaU  be  printed  by  brass-plates. 
In  BoaiuB  FtablcaiD,  &  ad  mtjorem  DEI  ^orum. 

YARN,  in  general,  denotes  the  manufacture  of  wool,  hemp, 
flax,  cotton,  8ic.  converted  into  filaments  or  threads,  which  are 
subservient  to  a  variety  of  useful  purposes. 

Formerly,  all  yam  was  spun  or  twisted  by  means  of  the 
distaff,  or  wheel ;  but  lately,  the  ingenuity  of  mechanics,  and  die 
powers  of  machinery,  have  been  called  in  aid  to  facilitate  that 
operadon:  in  June,  1787,  Messrs.  John  Kendrew  and  Thomoi 
rorthoust  obtained  a  patent  for  their  invention  of  a  machine, 
upon  new  principles,  designed  to  spin  yarn  from  hemp,  tow, 
flax,  or  wool. — As  this  privilege  is  now  expired,  and  such  con- 
trivance promises  to  be  very  useful  in  the  woollen  as  well  as 
otlier  manufactures,  we  shall  subjoin  an  account  of  the  con- 
struction, as  extracted  from  the  specification  inserted  in  the 
Repertory  of  Arts  and  Manufactures. 
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This  machine  may  h%  woriced  by  waler,  or  as  ahorse-milly  or 
in  aoy  other  way,  aod  is  made  and  vsed  in  the  fc^owing  manner. 
There  in  a  cylinder,  matited  a  in  the  drawing,  fig.  1.  ptate 
XXX  Vll.y  (three  feet  diameter,  and  ten  inches  l^oad,  made 
of  dry  wood  or  metal,  turned  trae,  and  covered  on  its  circnm- 
ference  with  a  smooth  leather,  upon  which  are  placed  the  roUeis 
marked  d,  covered  with  leather,  and  supported  in  their  situations 
¥y  the  slits  in  the  ccwered  piece  of  wood  marked  k  in  whicb  the 
iron  axes  of  the  roUers  torn,  but  suffers  them  to  press  on  the 
wheel  marked  a.    There  must  be  another  piece  )»ijnihir  to  tho 
above,  to  support  the  other  end  of  the  rollers.    These  rollers 
are  of  different  weights.    The  upper  roller  marked  di  is  two 
«toQe,  the  rest  decreasing  to  the   last,  which  is  only  two 
pomids  weight  and  one  half.    There  is  an  iron  fluted  roller, 
marked  f,  Iftimished  with  a  toothed  wheel  at  each  end,  and  a 
wood  one,  nrarked  o,  covered  wil^  cloth,  and  over  it  a  smooth 
leather.    There  is  an  assisting  roller,  marked  H,  of  fluted  iron. 
These  rollers  are  supported  by  their  axes,  turning  in  the  sU^ 
marked  8,  of  the  piece  of  wood,  marked  m  (fig.  3.),  which  ia 
here  separated  from  the  end  of  the  frame  marked  S,  to  shew  the 
roUers  and  wheel-work.     The  rollera  marked  g  and  p  are 
squeezed  together  by  means  of  the  lever  marked  p,  and  its 
weight  marked  w  (fi^.  3.).    The  roller  marked  h  is  pressed  to 
the  mark  o  by  its  aiis,  acting  upon  the  incKned  plane  marked  x 
(fig.  3.).    There  is  a  rubbing  roller  covered  with  woollen  doth, 
and  on  its  axis  is  a  siiiaH  wl^l,  marked  i,  driven  by  the  whed 
narked  s.    This  roller  rests  upon  Ae  roller  marked  g,  and  by 
its  motion  prevents  any  dirt  or  fibres  from  adhering  to  it.  There 
ie  a  cloth,  marked  n,  revolving  over  two  rollers  marked  o,  o, 
which  has  motion  ^ven  to  it  from  the  wheel  marked  c,  by 
means  of  another  vrneel  marked  p.    This  cloth  moves  at  the 
same  rate  as  the  surface  of  the  wheel  marked  a.    There  is  a 
supporter,  marked  Y,  of  the  axis  of  the  wheels  marked  o,  p, 
but  ia  removed,  in  order  to  shew  them;  it  is  fixed  by  its  tenons 
in  the  mortises  marked  z,  z.    The  roller  milked  b  is  kept  in 
action  by  its  endeavour  to  slip  down  the  inclined  plane  at  the 
top  of  the  piece  marked  y,  thereby  p^ressing  against  the  re* 
solving  cylinder;  and  another  piece  similar  to  ifais,  must  ba 
ynderstood  to  support  the  other  end  of  the  roMer^s  axis.    By  the 
side  of  this  revolving  cloth  is  a  table  placed,  of  the  same  length 
and  breadth  as  the  cloth  is,  to  which  belong  two  smooth  cloths 
or  leathers,  of  Ihe  same  siae  as  the  table.    The  maohina  hiing 
thus  prepahred,  the  attendant  or  w^kimui  must  take  a  quantity  of 
hemp,  tow,  flax,  or  wool,  more  or  4ess,  according  to  the  finenesi 
of  the  thread  to  be  #ade,  and  lay  or  spread  it  evenly  upon  one 
of  the  smooth  doths  on  Ihe  table>  then  frface  it  on  the  revdving 
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doth  marked  n,  motion  being  commmiicated  to  the  roller 
marked  F  by  wheel-work  as  usual,  from  a  water,  horse,  <Nr  other 
kind  of  mill,  which  wheel-work  is  communicated  to  the  wheel 
marked  q,  oii  whose  axis  b  a  nut,  which  turns  the  wheel  marked 
c ;  and  thereby  the  cylinder  marked  a  moves,  and  with  it  all  the 
loUers;  by  which  motion  the  hemp,  tow,  flax,  or  wool,  is  drawn 
forward.    The  cloth  turns  down,  but  the  hemp,  tow,  flax,  or 
wool,  go  upon  the  cylinder  marked  a,  under  the  roller  marked 
B,  and  so  forward  under  the  rollers  marked  n,  then  falls  in 
between  the  rollers  marked  g,  f,  turns  under  the  roller  marked 
G,  and  over  the  roller  marked  h,  which,  as  it  gives  the  roUeis 
hold  of  the  hemp,  tow,  flax,  or  wool,  in  two  places,  enables 
them  to  draw  forward  the  long  fibres  thereof,  though  many  of 
them  are  to  draw  from  under  the  marks  4  or  5  of  the  pressing- 
roUers  marked  d,  it  dien  falls  into  a  canister,  marked  k,  and  as 
by  the  wheeU work  the  rollers  marked  f,  g,  h,  move  three  times 
faster  than  the  cloth  and  cylinder,  the  sliver  must  be  three  times 
longer  than  when  presented.     By  the  time  this  b  drawing,  the 
other  cloth  is  filled  with  hemp,  tow,  flax,  or  wool,  as  before, 
and  laid  upon  the  revolving  roller,  laying  thct  hemp-,  tow,  flax 
or  wool,  over  the  end  of  the  other,  whi<;h  goes  forwi^rd  as  be- 
fore, and  thus  a  continued  sliver  is  produced  as  long  as  the 
machine  continues  its  motion.     But  in  order  that  this  sliver 
may  come  out  of  the  canister  marked  r,  without  entanglement, 
it  must  pass  thi-ough  an  instrument  marked  5,  (fig.  30-  {^ced 
over  the  rollers  marked  f}  o,  its  open  side  marked  t,  to  the 
cylinder  at  mark  4,  supported  by  its  ends  marked  v,  v,  in  the 
slit  marked  w,  of  the  before-described  pieces  marked  k.    The 
aperture  x-  is  so  small  as  to  press  the  fibres  close  to  each  other 
in  tbeir  passage  through  it  previous  to  their  passing  the  rollers, 
by  which  means  they  remain  pressed  side  by  side  in  the  sliver, 
and  will  not  entangle.    These  tliick  slivers  are  drawn  smaller 
by  a  similar  process,  and  in  the  same  manner  are  used  for  cottons; 
but  the  machines  for  drawing  are  all  of  the  same  structure  as 
the  above,  except  that  they  have  no  revolving  cloth.    The 
sliver  is  applied  to  the  cylinder  under  the  roller  marked  a,  which 
draws  it  fonvard  under  all  the  rollers,  as  before  described, 
drawing  it  out^  or  lengthening  it,  every  fresh  machine  through 
which  it  presses,  till  it  be  small  enough  for  the  sptnuing  ma* 
chine.     It  must  be  remarked,  that  the  cylinders  are  made  less 
in  diameter^  accordmg  to  the  different  smalloess  of  the  sUver 
iatemied  to  be  drawn. upon  them  at  the  first:  whilst  the  sliver 
is  at  its  greatest  thickness,  the  cylinder  is  reouired  to  be  three 
feet  diameter,  as  above  described,  the  next  rather  less»  and  so  on 
to  the  last,  which  is  only  two  foet.   The  aperture  of  the  botloo 
of  the  contractor  belonging  to  each. machine  is  abo  made  one 
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third  part  smaller  than  another  in  succeasioni  from  the  greatest 
to  the  smallest  cylinder;  as  also  the  drawing  rollers  marked 
F,  o,  Hy  are  furthest  from  the  pressiog-roller  marked  d  in  the 
longest  cylinder,  and  nearest  at  the  smaller  cylinder.  At  the 
largest  cylinder  the  distance  is  about  nine  inches,  and  the  small- 
est about  four  inches ;  but  their  distance  cannot  in  all  cases  be 
fixedy  as  it  depends  on  the  different  length  of  the  slivers  of  the 
hemp,  towyilax^or  wool;  long  ones  requiring  the  distances  men- 
tioned, and  short  ones  requiring  the  distances  much  shorter  than 
is  here  specified. 

The  following  several  letters  or  marks  are  in  the  machine 
figured  2.    The  spinning  machine,  as  to  its  drawing  principle, 
is  the  same  as  the  drawing  machine.     The  slivers  are  presented 
to  it  in  canisters  marked  a,  and  drawn  oyer  a  cylinder  marked 
B  covered  with  rollers  marked  d.     The  fibres  which  are  to 
form  the  thread  are  drawn  from  the  cylinder  by  the  roller^ 
marked  c,  the  under  roller  of  which  is  made  of  fluted  iron,  the 
other  of  wood,  covered  with  leather;  they  move  six  or  eight 
times  faster  than  the  cylinder  marked  b;  are  enabled  to  draw 
the  hemp,  tow,  flax,  or  wool,  forward  from  nnder  the  pressing- 
rollers  marked  d,  by  being  squeezed  together  with  the  weishts 
and  crooks  marked  a,  a,  locked  to  the  small  part  of  die  roUers 
marked  c.     There  b  a  belt  of  smooth  cloth,  marked  B,  moving 
on  two  rollers,  which  are  turned  by  the  wheel  marked  f,  on  the 
axis  of  the  fluted  roller;  at  the  opposite  end  of  which,  as  at 
the  mark  g,  b  a  nnt,  which  tum3  the  wheel  marked  H,  on 
whose  axis  b  another  nut,  turning  the  wheel  marked  i,  and 
thereby  the  cylinder  marked  b,  with  all  its  rollers.    These 
rollers  move  in  curved  pieces  of  wooden  metal,  marked  k, 
which,  to  prevent  confusion,  are  not  represented  in  their  places: 
they  have  slits  in  them,  in  which  the  rollers'  axis  are  guided, 
but  so  deep  as  at  all  times  to  suffer  the  rollers  to  press  upon  die 
cylinder.     These  rollers  are  covered  with  cloth  and  leather. 
Hie.  top  roller  is  about  ten  pounds  weight,  decreasing  to  the 
sixth  roller,  which  b  only  about  one  pound  weight:  the  yam  is 
turned  by  the  spindles  marked  l,  and  rubbed  over  the  wet  cloth 
belt  if  spinning  linen  yam,  but  if  spinning  worsted  yam  the 
belt  mnst  be  removed,  that  it  may  not  touch  it  as  it  passes  to  the 
spool,  which  it  coik  roimd  as  fast  as  the  rollers  let  it  out.    The 
spindles  marked  l  are  tumed  by  a  bolt  from  the  wheel  marked 
M,  which  derives  its  motion  from  the  mill,  and  by  a  wheel  on 
its  axb  communicates  it  to  the  roller  under  the  mark  c  by  the 
wheel  marked  f,  and  so  to  the  rest,  as  above  described.    The 
hemp,  tow,  flax,  or  wool,  b  twined  in  the  same  manner  as  cotton 
b  by  milk. 

FINIS. 


Digitized  by 


Google 


Digitized  by 


Google 


Other  Works  by  Dr.  Gregory. 


1.  Lessons  Astbonomical  ani>  Philosophical,  for  the 
Amusement  and  Instruction  of  British  Youth*  l2mo.  5th  edition, 
price  5s.  boards. 

2.  A  Treatise  on  Astrovomt,  in  which  the  dements  of  the 
Science  are  deduced  in  a  natural  order,  from  the  appearances  of 
the  Heavens  to  an  observer  on  the  earth ;  demonstrated  on  ma- 
thematical principles,  and  explained  by  an  application  to  the  va- 
rious phenomena.    One  large  vol.  8vo.  price  Qs.  boards. 

3.  A  Trandatian  of  M.  Hauy's  Elementary  Treatise  on 
Natural  Philosophy,  with  many  notes  and  illustrations.  2 
vols.  8vo.  price  148.  boards. 

*«*  The  two  latter  works,  with  the  Mechanics,  constitute  toge- 
ther a  complete  System  of  Natural  Philosophy. 

4.  In  conjunction  with  Dr.  Button,  the  third  volume  of  A  Course 
OF  Mathematics  for  the  use  of  the  Gentlemen  Cadets  in  the 
Royal  Military  Academy,  Woolwich.    Price  12s. 

5.  In  conjunction  with  John  Mason  Good,  Esq.  F.R.S.  and  Mr. 
Newton  Boswortk,  the  Pantolooia,  a  Universal  Dictionary  of 
Arts,  Sciences,  and  Words :  now  republishing  in  monthly  parts, 
at  68.  each ;  or  may  be  had  complete  in  13  vols,  royal  8vo. 

6.  Letters  to  a  Friend,  on  the  Eyidsncbs,  Doctrines,  and 
Duties  of  the  Christian  Religion.  2  vols,  crown  8vo.  3d 
edition.    14s.  boards. 

7.  Dissertations  and  Letters,  by  Don  Joseph  Rodriguez,  the 
Chevalier  Delambre,  Baron  de  Zaeh,  Dr.  Thomas  Thomson,  Dr. 
Olinthus  Gregory,  and  others ;  tending  either  to  impugn  or  to 
defend  the  Trigonometrical  Survey  of  England  and  Wales.  8vo. 
Price  3s. 


Digitized  by 


Google 


T.  Datison  ,  LoaYNurl-street, 
Whitefirim,  hooixm^ 


Digitized  by  V^OOQlC 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


